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SUMMARY
The im p o r ta n c e  o f  haem orhe o logy  i n  c l i n i c a l  m e d ic in e  has o n ly  
r e c e n t l y  been w id e ly  r e a l i s e d ,  H a e m o rh e o lo g ic a l  a b n o r m a l i t i e s  
have been fo u n d  i n  a v a r i e t y  o f  p a t h o l o g i c a l  c o n d i t i o n s  b u t  v e ry  
l i t t l e  has been done i n  th e  f i e l d  o f  o b s t e t r i c s  and g y n a e c o lo g y  
e i t h e r  t o  d e f i n e  n o rm a l h a e m o rh e o lo g ic a l  v a lu e s  i n  t h e  m e n s t ru a l  
c y c le  o r  i n  m a te r n a l  and f e t a l  b lo o d  i n  p re g n a n c y ,  o r  t o  d e t e c t  
h a e m o rh e o lo g ic a l  a b n o r m a l i t i e s  i n  p a t h o l o g i c a l  p re g n a n c y  o r  
f e t a l  d is e a s e *
H a e m o rh e o lo g ic a l  measurem ent t e c h n iq u e s  a re  c o n s t a n t l y  i n  need 
o f  e v a lu a t i o n  and im p ro v e m e n t .  The f i r s t  o r i g i n a l  work r e p o r t e d  
i n  t h i s  t h e s i s  was th e  d e ve lo p m e n t o f  th e  Deer Rheom eter f o r  th e  
m easurem ent o f  p lasm a  and w ho le  b lo o d  v i s c o s i t y .  Sample h a n d l in g  
and m easurem ent p r o t o c o l s  were d e v e lo p e d  w h ich  gave r e l i a b l e ,  f a s t  
and r e p r o d u c i b l e  m easurem ent o f  v i s c o s i t y  i n  b i o l o g i c a l  f l u i d s .
In  t h e  i n i t i a l  e x p e r im e n ts  w ho le  b lo o d  f i l t r a t i o n  was used as th e  
method f o r  m easurem ent o f  e r y t h r o c y t e  d e f o r m a b i l i t y ,  b u t  f a c t o r s  
o t h e r  th a n  e r y t h r o c y t e  d e f o r m a b i l i t y  were found  to  i n f l u e n c e  th e  
r a t e  o f  f i l t r a t i o n .  These f a c t o r s  were i d e n t i f i e d  and e l im in a t e d  
o r  re d u ce d  t o  a minimum so t h a t  a h i g h l y  s e n s i t i v e  f i l t r a t i o n  
te c h n iq u e  f o r  t h e  measurement o f  e r y t h r o c y t e  d e f o r m a b i l i t y  was 
d e v e lo p e d .
H av ing  e s t a b l i s h e d  th e s e  two new m e th o d o lo g ie s  and a d d in g  s ta n d a rd  
methods f o r  t h e  m easurement o f  h a e m a to c r i t  and p lasm a f i b r i n o g e n ,  
th e  n o rm a l l e v e l s  o f  h a e m o rh e o lo g ic a l  p a ra m e te rs  were measured i n  
s e r i a l  s tu d y  th r o u g h o u t  t h e  m e n s t r u a l  c y c le  and n o rm a l p regnan cy  
and i n  h e a l t h y  f u l l  te rm  and p re te rm  f e t u s e s .
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The c y c l i c a l  v a r i a t i o n  i n  h a e m o rh e o lo g ic a l  p a ra m e te rs  seen i n  
th e  spon ta n e o u s  m e n s t r u a l  c y c le  was a b o l i s h e d  by o v u l a t i o n  
s u p p re s s io n  w i t h  e t h i n y l o e s t r a d i o l  30 ^ g  and n o r g e s t r e l  250 jug 
and th e  a b s o lu te  l e v e l  o f  each p a ra m e te r  was a l t e r e d  i n  such  a 
way as w ou ld  p r e d is p o s e  t o  th r o m b o s is .
The e f f e c t s  o f  m a te r n a l  c i g a r e t t e  sm ok ing  on m a te r n a l  and f e t a l  
haem orhe o logy  were i n v e s t i g a t e d  i n  s e r i a l  s t u d y .  C i g a r e t t e  
sm ok ing  caused a r e d u c t i o n  i n  m a te r n a l  e r y t h r o c y t e  d e f o r m a b i l i t y  
t h r o u g h o u t  p re g n a n c y ,  b u t  d i d  n o t  a f f e c t  o t h e r  h a e m o rh e o lo g ic a l  
f a c t o r s .  I n  c o n t r a s t ,  th e  f e t a l  b lo o d  e x h i b i t e d  an in c r e a s e d  
h a e m a to c r i t  and w h o le  b lo o d  v i s c o s i t y  and re d u ce d  e r y t h r o c y t e  
d e f o r m a b i l i t y .  These changes i n  f e t a l  haem orhe o logy  were 
a s s o c ia te d  w i t h  a s i g n i f i c a n t  r e d u c t i o n  i n  b i r t h  w e ig h t  i n  
c i g a r e t t e  sm okers and h y p e r v i s c o s i t y  c a u s in g  im p a i r e d  p e r f u s io n  
o f  th e  p l a c e n t a l  v i l l i  may be r e s p o n s ib le  f o r  t h i s  f e t a l  g ro w th  
r e t a r d a t i o n .
P r e - e c la m p s ia  r e s u l t e d  i n  e l e v a t i o n  o f  m a te r n a l  h a e m a t o c r i t ,  
p lasm a f i b r i n o g e n ,  p lasm a and w ho le  b lo o d  v i s c o s i t y  and r e d u c t i o n  
i n  e r y t h r o c y t e  d e f o r m a b i l i t y .  I n  f e t a l  b lo o d  th e  h a e m a to c r i t  and 
w ho le  b lo o d  v i s c o s i t y  were e le v a te d  b u t  p lasm a f i b r i n o g e n  and 
v i s c o s i t y  and e r y t h r o c y t e  d e f o r m a b i l i t y  were n o t  a l t e r e d .  In  th e  
m o th e r  p r e —e c la m p s ia  i s  c h a r a c t e r i s e d  by a c u te  h y p e r v i s c o s i t y  s t a t e  
a s s o c ia te d  w i t h  h y p o v o la e m ia  and t h i s  c o u ld  le a d  b o th  t o  im p a i r e d  
p l a c e n t a l  p e r f u s i o n  and e v e n t u a l l y  t o  d is s e m in a te d  i n t r a v a s c u l a r  
c o a g u la t i o n •
E s s e n t i a l  h y p e r t e n s io n  o f  m i l d  o r  m ode ra te  d eg ree  had l i t t l e  
e f f e c t  on e i t h e r  m a te r n a l  o r  f e t a l  haem orheo logy  and t h i s  was 
i n  k e e p in g  w i t h  th e  good f e t a l  ou tcom e i n  th e  cases s t u d i e d .
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Both d u r in g  l a b o u r  and i n  th e  im m e d ia te  n e o n a ta l  p e r i o d  th e  
i n f a n t  i s  l i a b l e  t o  a n o x ic  a c i d o s i s .  A s e r i e s  o f  i n  v i t r o  and 
i n  v i v o  e x p e r im e n ts  i n v e s t i g a t e d  th e  e f f e c t s  o f  h y p o x ic  a c id o s i s  
on f e t a l  e r y t h r o c y t e  d e f o r m a b i l i t y .  F e t a l  e r y t h r o c y t e s  were 
p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  e f f e c t s  o f  h y p o x ic  a c i d o s i s  and 
a h y p o t h e s is  was d e v e lo p e d  t o  show ways i n  w h ich  h a e m o r h e o lo g ic a l  
f a c t o r s  m ig h t  c o n t r i b u t e  t o  t h e  p a th o g e n e s is  o f  a n o x ic  i n t r a c r a n i a l  
haem orrhag e .
The l a s t  c h a p te r  d e a l t  w i t h  th e  im p o r ta n c e  o f  h a e m o rh e o lo g ic a l  
f a c t o r s  i n  t h e  p a th o g e n e s is  o f  n e o n a ta l  h y p e r b i l i r u b i n a e m ia  
f o l l o w i n g  i n d u c t i o n  o f  l a b o u r .  A p r o s p e c t i v e  c l i n i c a l  s tu d y  
showed t h a t  o x y t o c in  used i n  th e  i n d u c t i o n  o f  l a b o u r  caused a 
d e c re a s e  i n  e r y t h r o c y t e  d e f o r m a b i l i t y  due t o  o s m o t ic  s w e l l i n g  
and r e s u l t e d  i n  in c r e a s e d  h a e m o ly s is  w i t h  c o n s e q u e n t  h y p e r b i l i -  
r u b in a e ra ia ,  B u p i v i c a in e ,  used i n  e p i d u r a l  a n a e s th e s ia ,  was shown 
i n  i n  v i t r o  s t u d ie s  t o  re d u c e  e r y t h r o c y t e  d e f o r m a b i l i t y ,  b u t  
p r o s t a g la n d in  E2, used i n  th e  i n d u c t i o n  o f  l a b o u r ,  had a v a r i a b l e  
and c l i n i c a l l y  i n s i g n i f i c a n t  e f f e c t  on f e t a l  c e l l s .
The w ork r e p o r t e d  i n  t h i s  t h e s i s  i s  l a r g e l y  new and o b v io u s l y  
c o n f i r m a t o r y  work m ust f o l l o w .  H a e m o rh e o lo g ic a l  th e r a p y  i s  
a l r e a d y  b e in g  used i n  p r e - e c la m p s ia  and w i t h  a b e t t e r  u n d e rs ta n d in g  
o f  n o rm a l and p a t h o l o g i c a l  haem orhe o logy  i n  b o th  m o th e r  and f e t u s  




S e c t io n s
i )  HAEMORHEOLOGICAL FACTORS IN THE CONTROL OF THE 
PERIPHERAL CIRCULATION
i i )  THE COMPLEXITY OF HAEMORHEOLOGY
i i i )  ALTERED HAEMORHEOLOGY IN CLINICAL DISEASE
19
INTRODUCTION
" I t  i s  th e  h e a r t  by whose v i r t u e  and p u ls e  th e  b lo o d  
i s  moved, p e r f e c t e d  and made a p t  t o  n o u r i s h  and i s  
p r e s e r v e d  from  c o r r u p t i o n  and c o a g u l a t i o n . "
W i l l i a m  Harvey (1 6 2 0 )  ( 1 )
T h is  q u o t a t i o n  f ro m  H a rv e y ’ s c l a s s i c  w ork c o n t a in s  t h e  essence  o f  
haem orheo logy  and o f  t h i s  t h e s i s .  Haem orheo logy i s  p r i m a r i l y  
co n ce rn e d  w i t h  th e  movement o f  b lo o d ,  and th e  p u rp o s e  o f  t h i s  
movement, as Harvey p o in t e d  o u t ,  i s  t h r e e f o l d .  F low  i s  n e c e s s a ry  
f o r  th e  b lo o d  to  re a c h  and ’ n o u r i s h ’ th e  t i s s u e s .  I n  p re g n a n cy  
th e  u t e r o - p l a c e n t a l  c i r c u l a t i o n  i s  th e  s o u rc e  o f  n o u r is h m e n t  f o r  
th e  f e t u s  and im p a i rm e n t  o f  t h i s  f l o w  by a l t e r e d  haem orhe o logy  
w ou ld  be o f  g r e a t  im p o r ta n c e  to  th e  deve lo p m e n t and h e a l t h  o f  th e  
f e t u s .  B lo o d  m ust a ls o  f l o w  t o  p r e s e r v e  i t s e l f  f ro m  ’ c o r r u p t i o n ’ 
o r  h a e m o ly s is .  The a l t e r a t i o n  o f  e r y t h r o c y t e  d e f o r m a b i l i t y  i n  
p a t h o l o g i c a l  s t a t e s ,  as w e l l  as by th e  p ro c e s s  o f  a g e in g ,  le a d s  to  
t h e i r  h a e m o ly s is  and d e s t r u c t i o n  and th e  s tu d y  o f  e r y t h r o c y t e  
d e f o r m a b i l i t y  i s  an Im p o r t a n t  p a r t  o f  t h i s  t h e s i s .  T h i r d l y ,  H arvey 
s t a t e d  t h a t  s t a s i s  l e d  t o  ’ c o a g u la t i o n ’ and i n  p re g n a n c y  and i n  
p a t i e n t s  on o r a l  c o n t r a c e p t i v e s  c o a g u la t i o n  le a d in g  t o  th rom bo ­
em bo lism  i s  a m a jo r  p ro b le m .  The p o s s ib le  c o n n e c t io n  between 
h y p e r v i s c o s i t y  and th ro m b o -e m b o l is m  i s  i n v e s t i g a t e d .  The s t u d ie s  
p re s e n te d  i n  t h i s  t h e s i s  a re  s e l f - c o n t a i n e d  w i t h  t h e i r  own 
i n t r o d u c t i o n  and l i t e r a t u r e  r e v ie w .  T h is  g e n e r a l  i n t r o d u c t i o n  
w i l l  d e a l  i n  b ro a d  o u t l i n e  w i t h  th e  r o l e  o f  h a e m o r h e o lo g ic a l  
f a c t o r s  i n  t h e  c o n t r o l  o f  th e  p e r i p h e r a l  c i r c u l a t i o n ,  t h e  c o m p le x i t y  
o f  h a e m o r h e o lo g ic a l  m easurem ents and , l a s t l y ,  w i t h  th o s e  p a t h o l o g i c a l  
c o n d i t i o n s  i n  w h ich  i t  i s  known t h a t  h a e m o r h e o lo g ic a l  f a c t o r s  p la y  
a s i g n i f i c a n t  p a r t .
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i )  HAEMORHEOLOGICAL FACTORS IN THE CONTROL OF THE PERIPHERAL 
CIRCULATION
The c o n t r o l  o f  t h e  p e r i p h e r a l  c i r c u l a t i o n  has been th e  o b j e c t  o f  
s tu d y  and s p e c u la t i o n  e v e r  s in c e  H arvey d e s c r ib e d  th e  c i r c u l a t i o n  
o f  th e  b lo o d  ( l ) .  S tephen H a le s ,  a m i n i s t e r  i n  T e d d in g to n ,  a t  
th e  s t a r t  o f  th e  1 8 th  c e n t u r y ,  f i r s t  d rew t o g e t h e r  t h e  f a c t o r s  
c o n t r o l l i n g  th e  p e r i p h e r a l  c i r c u l a t i o n  when he s t a t e d :  "The
r e s i s t a n c e  w h ich  th e  b lo o d  m eets  i n  th e s e  c a p i l l a r y  passages  may 
be g r e a t l y  v a r i e d ,  e i t h e r  by d i f f e r e n t  d e g rees  o f  v i s c o s i t y  o r  
f l u i d i t y  o f  th e  b lo o d  o r  t h e  s e v e r a l  deg rees  o f  c o n s t r i c t i o n  o r  
r e l a x a t i o n  o f  th e s e  f i n e  v e s s e ls "  ( 2 ) .  A c e n tu r y  l a t e r  th e  F rench  
p h y s i c i a n  P o i s e u i l l e ,  s t u d y in g  th e  f l o w  o f  f l u i d s  th ro u g h  n a r ro w  
tu b e s ,  r e l a t e d  f l o w  r a t e  q u a n t i t a t i v e l y  to  th e  d r i v i n g  p r e s s u r e ,  
th e  f o u r t h  power o f  th e  r a d iu s  o f  th e  v e s s e l  and i n v e r s e l y  t o  th e  
v i s c o s i t y  o f  t h e  f l u i d  (3 )  ( T a b le  1 ) .  When c o n s id e r in g  b lo o d  f l o w  
th ro u g h  a v a s c u la r  c o m p le x ,  such as t h e  p re g n a n t  u t e r u s .  Ohm’ s la w  
may be used to  show th e  r e l a t i o n s h i p  between f l o w ,  r e s i s t a n c e  and 
d r i v i n g  p r e s s u r e  ( T a b le  l ) .  C om bin ing  P o i s e u i l l e ' s  and Ohm’ s 
f o r m u la e ,  a t h i r d  f o r m u la  may be d e r iv e d  (T a b le  1) t o  show t h a t  
th e  r e s i s t a n c e  o f  a v a s c u la r  bed i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
l e n g t h  o f  th e  v a s c u la r  segment and th e  v i s c o s i t y  o f  t h e  b lo o d  and 
i n v e r s e l y  p r o p o r t i o n a l  to  th e  f o u r t h  power o f  th e  v e s s e l  r a d i u s .
Under p h y s i o l o g i c a l  c o n d i t i o n s ,  r e g u l a t i o n  o f  th e  p e r i p h e r a l  b lo o d  
s u p p ly  i s  d o m in a te d  by vasom o to r  f a c t o r s  a l t e r i n g  th e  v e s s e l  r a d iu s  
and v i s c o s i t y  f a c t o r s  p la y  a n e g l i g i b l e  r o l e .  H owever, i n  c e r t a i n  
p a t h o l o g i c a l  c o n d i t i o n s  and i n  p re g n a n c y ,  th e  s i t u a t i o n  may be 
t o t a l l y  d i f f e r e n t .  D u r in g  p re g n a n cy  th e r e  I s  a d i l a t a t i o n  a f f e c t i n g  
b o th  t h e  a r t e r i a l  ( 4 )  and venous ( 5 )  s id e s  o f  t h e  c i r c u l a t i o n  and 
s e c o n d ly  t h e r e  i s  a d e c re a s e d  c a p a c i t y  f o r  th e  u t e r i n e  v e s s e ls  t o  
r e a c t  t o  c o n s t r i c t o r  s t i m u l i  ( 4 ) ,  T h is  l o s s  o f  v a s c u la r  r e a c t i v i t y
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i s  a ls o  seen i n  h y p o x ic  s t a t e s  where v a s o d i l a t o r  m e t a b o l i t e s  a re  
p ro d u c e d  w h ich  p a r a ly s e  th e  v a s c u la r  smooth m usc le  ( 6 ) .  T h is  may 
p ro c e e d  to  a p o i n t  a t  w h ich  th e  vasom oto r  r e s e r v e  i s  e x h a u s te d  
and th e n  th e  va so m o to r  component o f  f l o w  c o n t r o l  i s  m in im a l  and 
v i s c o s i t y  f a c t o r s  become d o m in a n t .  An a d d i t i o n a l  d i f f e r e n c e  
between vaso m o to r  c o n t r o l  and v is c o u s  l i m i t a t i o n  o f  p e r f u s io n  
f o l l o w s  th e  same a rg u m e n t .  W h i le  vasom o to r  shutdown o f  b lo o d  
v e s s e ls  i s  e f f e c t i v e  i n  p r o d u c in g  a r a p id  b u t  s h o r t  l a s t i n g  
a r r e s t  i n  th e  c i r c u l a t i o n ,  m e t a b o l i c  a u t o r e g u la t i o n  w i l l  p a r a ly s e  
th e  c o n s t r i c t o r s  and soon r e s t o r e  f l o w  ( 7 ) ,  Any k in d  o f  s u s ta in e d  
f l o w  r e t a r d a t i o n  o r  s t a s i s  m ust t h e r e f o r e  be caused by an i n t r a ­
v a s c u la r  o b s t a c l e .  P h y s i o l o g i c a l l y  o r  p a t h o l o g i c a l l y  enhanced 
h y p e r v i s c o s i t y  o r  c e l l u l a r  a g g r e g a t io n  t h e r e f o r e  may cause  such 
a s t a t e  o f  m a in ta in e d  i n t r a v s c u l a r  s t a g n a t i o n ,  H a e m o rh e o lo g ic a l  
changes a re  u n l i k e l y  t o  i n i t i a t e  s lo w in g  o r  a r r e s t  o f  f l o w  b u t  
th e y  a re  c a p a b le  o f  s u s t a i n i n g  and w o rs e n in g  them ,
i i )  THE COMPLEXITY OF HAEMORHEOLOGY
In  1587 I s s a c  Newton w ro te  i n  h i s  P r i n c i p i a  " t h e  r e s i s t a n c e  w h ich  
a r i s e s  from  th e  l a c k  o f  s l i p p e r i n e s s  o f  th e  p a r t s  o f  a l i q u i d ,  
o t h e r  t h i n g s  b e in g  e q u a l ,  i s  p r o p o r t i o n a l  t o  th e  v e l o c i t y  w i t h  
w h ic h  th e  p a r t s  o f  a l i q u i d  a re  s e p a ra te d  from  one a n o t h e r " .  T h is  
" l a c k  o f  s l i p p e r i n e s s "  i s  now c a l l e d  v i s c o s i t y .  V i s c o s i t y ,  as 
H a le s  (2 )  and P o i s e u i l l e  ( 3 )  u n d e rs to o d  i t ,  was a s t a t i c  f i x e d  
p r o p e r t y  o f  t h e  f l u i d  un d e r  s tu d y  w h ich  d id  n o t  v a ry  w i t h  f l o w  
r a t e  (N e w to n ia n  b e h a v io u r ) .  I t  i s  now known, h ow eve r ,  t h a t  w ho le  
b lo o d  v i s c o s i t y  i s  i n f l u e n c e d  n o t  o n ly  by th e  c o n s t i t u e n t s  o f  
b lo o d  such as h a e m a to c r i t  ( 9 ) ,  e r y t h r o c y t e  d e f o r m a b i l i t y  ( 1 0 ) ,  
e r y t h r o c y t e  a g g r e g a t io n  ( 1 1 ) ,  p l a t e l e t  a g g r e g a t io n  ( 1 2 ) ,  p lasm a 
f i b r i n o g e n  ( 1 3 ) ,  g l o b u l i n s  (1 4 )  and f a t s  ( 1 5 ) ,  and th e  m e ta b o l i c
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s t a t e  o f  t h e  b lo o d  ( 1 6 ,1 7 )  b u t  a ls o  by th e  r a t e  o f  f l o w ,  w i t h  a 
dec re a se  i n  v i s c o s i t y  accom pany ing  an in c r e a s e  i n  f l o w  r a t e  
(n o n -N e w to n ia n  b e h a v io u r )  ( 1 8 ) ,  and a ls o  by v e s s e l  d ia m e te r  w i t h  
a d e c r e a s in g  v i s c o s i t y  as b lo o d  f lo w s  th r o u g h  c a p i l l a r i e s  o f  
d i m i n i s h i n g  r a d i u s  ( F a h r a e u s - L in d q u is t  phenomenon(1 9 )  ) down to  
a c r i t i c a l  r a d i u s  b e lo w  w h ic h  t h e  v i s c o s i t y  in c r e a s e s  s h a r p ly  
( I n v e r s i o n  phenomenon (2 0 )  ) •  T h is  c o m p le x i t y  o f  haem orheo logy  
r e s u l t s  f rom  t h e  c o m p l ic a te d  i n t e r a c t i o n  between th e  s e v e r a l  
c o n s t i t u e n t s  o f  b lo o d .  A t  r e s t ,  w ho le  b lo o d  has a c o m p l ic a te d  
t h r e e - d im e n s io n a l  s t r u c t u r e  o f  e r y t h r o c y t e s  h e ld  i n  a g g r e g a t io n  
by th e  a c t i o n  o f  p lasm a  p r o t e i n s  i n t e r a c t i n g  a t  t h e  s u r f a c e  
membrane ( 2 1 - 2 3 )  and fo r m in g  m a c ro m o le c u la r  b r id g e s  between 
e r y t h r o c y t e s  ( 2 4 ) ,  To in d u c e  f l o w  e n e rg y  m ust be a p p l i e d  t o  
b re a k  th e s e  b r id g e s  ( 2 5 ) ,  I n i t i a l l y ,  as i n c r e a s i n g  s t r e s s  i s  
a p p l i e d  t o  s t a t i c  b lo o d ,  th e  m a t r i x  o f  c e l l s  u n d e rg o e s  v i s c o ­
e l a s t i c  d i s t o r t i o n  and th e n  once  th e  y i e l d  s t r e s s  i s  re a c h e d ,  
f l o w  b e g in s  ( 2 6 ) ,  W i th  t h e  b r e a k in g  o f  th e  e r y t h r o c y t e  m a t r i x  
and th e  s t a r t  o f  f l o w ,  th e  e r y t h r o c y t e s  re m a in  i n  c lum ps  o r  
a g g re g a te s  and t h e r e  i s  a dynam ic  s t a t e  o f  a g g r e g a t io n  and 
d is a g g r e g a t io n  w h ich  r e s u l t s  i n  t h e  n o n -N e w to n ia n  b e h a v io u r  o f  
b lo o d .  As a d d i t i o n a l  s t r e s s  i s  a p p l i e d ,  t h e  a g g re g a te s  and 
r o u le a u x  become s m a l le r  and once  th e y  a re  re d u c e d  t o  i n d i v i d u a l  
c e l l s ,  f u r t h e r  in c r e a s e  i n  s t r e s s  c a n n o t  re d u c e  c e l l  s i z e  any 
more and th e  s h e a r  a t r e s s - s h e a r  r a t e  r e l a t i o n s h i p  becomes a lm o s t  
l i n e a r  ( 2 7 ) ,  T h is  sh e a r  t h i n n i n g  e f f e c t  i s  a ls o  I n f l u e n c e d  by 
t h e  d e f o r m a b i l i t y  o f  th e  re d  c e l l s .  Under s t r e s s  e r y t h r o c y t e s  
change from  d i s c o i d  t o  e lo n g a te d  r o d  s h a p e s .  I t  has been 
su g g e s te d  t h a t  t h i s  change i n  shape a ls o  r e l a t e s  t o  t h e  shea r  
s t r e s s - f l o w  r a t e  r e l a t i o n s h i p  becoming a s t r a i g h t  l i n e  in d e p e n d e n t
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o f  a g g r e g a t io n  c h a r a c t e r i s t i c s  ( 2 8 ) .
i i i )  ALTERED HAEMORHEOLOGY IN CLINICAL DISEASE!
H av ing  re v ie w e d  th e  haemodynamic c o n te x t  o f  h a e m o rh e o lo g ic a l  
f a c t o r s  i n  th e  c o n t r o l  o f  p e r i p h e r a l  p e r f u s io n  and th e  
com p lex  and i n t e r - r e l a t e d  n a tu r e  o f  th e s e  f a c t o r s ,  th e  
p a t h o l o g i c a l  p ro c e s s e s  t h a t  a re  known to  be caused by o r  t o  
be a s s o c ia te d  w i t h  a l t e r e d  haem orhe o logy  w i l l  be r e v ie w e d .
As t h e r e  i s  g r e a t e r  aw areness o f  t h e  im p o r ta n c e  o f  haem orheo logy  
i n  t h e  p a th o g e n e s is  o f  c a r d io v a s c u la r  d is e a s e ,  so more a s s o c ia ­
t i o n s  a re  b e in g  d i s c o v e r e d .  . P a t i e n t s  w i t h  i n t e r m i t t e n t  
c l a u d i c a t i o n  due t o  p e r i p h e r a l  v a s c u la r  d is e a s e  have been 
shown t o  have e le v a t e d  w ho le  b lo o d  v i s c o s i t y  ( 2 9 , 3 0 )  and re duced  
e r y t h r o c y t e  d e f o r m a b i l i t y  ( 3 1 ) .  These p a t i e n t s  e x p e r ie n c e  
s y m p to m a t ic  r e l i e f  when t h e i r  v i s c o s i t y  i s  re d u c e d  by e i t h e r  
r e d u c in g  th e  h a e m a to c r i t  by v e n e s e c t io n  (3 2 )  o r  by r e d u c in g  
th e  p lasm a f i b r i n o g e n  w i t h  d rug  th e r a p y  ( 3 3 ) .  P a t i e n t s  who have 
had a m y o c a r d ia l  i n f a c t i o n  o r  who s u f f e r  from  a n g in a  p e c t o r i s  
a ls o  have r a i s e d  b lo o d  v i s c o s i t y  l e v e l s  (3 4 )  and t h e r a p y  d i r e c t e d  
to w a rd s  l o w e r in g  th e  v i s c o s i t y  by re d u c in g  p lasm a f i b r i n o g e n  (3 5 )  
o r  by th e  use o f  B - a d r e n e r g ic  r e c e p t o r  b lo c k e r s  (3 6 )  p ro d u c e s  
b o th  s y m p to m a t ic  r e l i e f  and im p ro v e d  lo n g - t e r m  s u r v i v a l .  In  
d ia b e te s  m e l l i t u s ,  t h e r e  i s  h y p e r v i s c o s i t y  o f  b o th  w ho le  b lo o d  
and p lasm a  ( 3 7 ,3 8 )  and re d u ce d  e r y t h r o c y t e  d e f o r m a b i l i t y  ( 3 9 ) .  
These changes a re  l a r g e l y  due t o  t h e  m e t a b o l i c  a b n o r m a l i t i e s  o f  
d ia b e te s  and h a e m o rh e o lo g ic a l  t h e r a p y  i s  n o t  y e t  o f  p ro v e n  
b e n e f i t .  C e re b r a l  a r t e r i o s c l e r o s i s  i s  a s s o c ia te d  w i t h  h y p e r ­
v i s c o s i t y  and r e d u c t i o n  o f  h a e m a to c r i t  by v e n e s e c t io n  may 
s i g n i f i c a n t l y  im p ro v e  th e  c e r e b r a l  b lo o d  f l o w  ( 4 0 ,  The haemo—
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g lo b in o p a t h iB s  a re  a s s o c ia te d  w i t h  b o th  an in c r e a s e d  w h o le  b lo o d  
v i s c o s i t y  and d e c re a s e d  e r y t h r o c y t e  d e f o r m a b i l i t y  ( 4 1 , 4 2 ) .  The 
p a r a p r o te in a e m ia s ,  w i t h  e le v a te d  p lasm a v i s c o s i t y ,  a re  amenable 
t o  h a e m o r h e o lo g ic a l  t h e r a p y ,  and rem ova l o f  th e  exc e ss  p r o t e i n  
by p la s m a p h e r e s is  r e s u l t s  i n  a c o n s id e r a b le  im p ro ve m e n t i n  
p e r i p h e r a l  p e r f u s i o n  ( 4 3 ) .  R a yn a u d 's  syndrome i s  a s s o c ia te d  
w i t h  e le v a te d  b lo o d  v i s c o s i t y  and r e d u c t io n  i n  v i s c o s i t y  
a m e l io r a t e s  t h e  symptoms ( 4 4 ) .  More r e c e n t l y ,  h y p e r v i s c o s i t y  
s c re e n in g  has been i n t r o d u c e d  to  s e l e c t  h ig h  r i s k  g ro u p s  i n  
t h e  p r e d i c t i o n  o f  venous th r o m b o s is  a f t e r  s u r g e ry  ( 4 5 , 4 6 )  and 
d u r in g  o r a l  c o n t r a c e p t i v e  th e r a p y  ( 4 7 , 4 8 ) ,
W ith  t h i s  w id e  ra n g e  o f  c l i n i c a l  p a th o lo g y  r e l a t e d  t o  
h a e m o rh e o lo g ic a l  d i s t u r b a n c e ,  i t  i s  i n t e r e s t i n g  t h a t  v e r y  few 
i n v e s t i g a t i o n s  have  been c a r r i e d  o u t  i n t o  t h e  haem o rh e o lo g y  
o f  n o rm a l o r  p a t h o l o g i c a l  p re g n a n c y  o r  t h e  f e t u s .  What work 
has been done w i l l  be re v ie w e d  i n  t h e  r e l e v a n t  s e c t i o n s  o f  
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METHODOLOGY
i )  PATIENT SELECTION 
A l l  t h e  women who to o k  p a r t  i n  th e s e  s t u d ie s  d id  so v o l u n t a r i l y  
a f t e r  r e c e i v i n g  a f u l l  e x p la n a t io n  o f  t h e  p ro c e d u re s  i n v o l v e d  and 
t h e i r  p u rp o s e .  I n  t h e  case  o f  sam ples  ta k e n  from  th e  b a b y 's  
u m b i l i c a l  c o rd  v e in  a t  b i r t h ,  c o n s e n t  was o b ta in e d  fro m  th e  
m o th e r  b e fo r e  d e l i v e r y .  A l l  t h e  e x p e r im e n ta l  p r o t o c o l s  have 
been s c r u t i n i s e d  and a p p ro ve d  by t h e  E t h i c a l  and S c i e n t i f i c  
Com m ittee  o f  S t .  Dames's U n i v e r s i t y  H o s p i t a l .
The s e v e r a l  d i f f e r e n t  g ro u p s  o f  p a t i e n t s  who to o k  p a r t  i n  th e  
s t u d ie s  a re  d e f in e d  i n  th e  r e l e v a n t  s e c t io n s  o f  t h e  t h e s i s  and 
each g roup  was s e p a r a t e l y  m atched w i t h  a c o n t r o l  g ro u p  o f  n o rm a l 
h e a l t h y  s u b j e c t s ,
i i )  STATISTICAL ANALYSES
The mean, s ta n d a r d  d e v i a t i o n  (SD) and s ta n d a rd  e r r o r  o f  t h e  mean
(SEM) were c a l c u l a t e d  f o r  a l l  d a ta .  Where a t e s t  o f  s t a t i s t i c a l
s i g n i f i c a n c e  co n ce rn e d  a change w i t h  t im e  i n  th e  same g roup  o f
s u b j e c t s ,  th e  c a l c u l a t i o n  was based on th e  a ve ra g e  change i n  th e
g roup  g i v i n g  a p o o le d  v a r ia n c e  f o r  o b t a i n i n g  a s ta n d a r d  e r r o r  o f
th e  d i f f e r e n c e  between th e  means. The p r o b a b i l i t y  ( p )  o f  any
d i f f e r e n c e  b e in g  due t o  chance was e s t im a te d  by use o f  S t u d e n t 's
t - t e s t  and th e  r e s u l t s  a re  e xp re ss e d  i n  th e  c o n v e n t io n a l  way.
R e s u l t s  w i t h  a v a lu e  o f  ' p ' g r e a t e r  th a n  0 .0 5  were re g a rd e d  as
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( n s ) ;  a l l  o t h e r  r e s u l t s  a re  q u o te d
w i t h  t h e  a p p r o p r i a t e  l e v e l  o f  p r o b a b i l i t y .  When t e s t i n g  f o r
c o r r e l a t i o n  between d i f f e r e n t  p a ra m e te rs  measured i n  th e  same
g roup  o f  sam ples l i n e a r  r e g r e s s io n  a n a l y s i s  was c a r r i e d  o u t  to
d e te rm in e  th e  c o r r e l a t i o n  c o e f f i c i e n t .  When a n a ly s in g  th e  
v a r i a t i o n  i n  r e p e a t  measurem ents  o f  a p a ra m e te r  th e  c o e f f i c i e n t
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o f  v a r i a t i o n  was c a l c u l a t e d  by e x p r e s s in g  th e  SD as a p e rc e n ta g e  
o f  th e  mean.
i i i )  DEVELOPMENT OF NEW METHODS
a) M easurem ent o f  Whole B lo o d  and P lasma V i s c o s i t y  U s in g  
th e  Deer Rheom eter
E a r l y  work i n  v is c o m e t r y  was done u s in g  c a p i l l a r y  tu b e  
v is c o m e te r s  such as th e  O s tw a ld  o r  H a rkness  (4 9 )  v i s c o m e t e r .
The p r i n c i p l e  b e h in d  a l l  c a p i l l a r y  v is c o m e te r s  i s  t h e  
m easurem ent o f  t h e  t im e  ta k e n  f o r  a s ta n d a rd  vo lum e o f  t e s t  
f l u i d  t o  f l o w  th r o u g h  a c a p i l l a r y  tu b e  o f  s ta n d a rd  l e n g t h  and 
d ia m e te r  u n d e r  a s ta n d a rd  f o r c e  a t  a s ta n d a r d  t e m p e r a tu r e .  These 
i n s t r u m e n t s  have th e  a d va n ta g e  o f  r e q u i r i n g  o n ly  s m a l l  vo lum es 
o f  t e s t  f l u i d  and show a r e l a t i v e l y  h ig h  deg ree  o f  a c c u r a c y .
They have two d is a d v a n ta g e s .  F i r s t l y ,  t h e y  o p e r a te  a t  h ig h  
r a t e s  o f  s h e a r  w h ic h  p r e c lu d e s  t h e i r  d e t e c t i n g  th e  n o n -N e w to n ia n  
i n f l u e n c e  o f  c e l l s  i n  w ho le  b lo o d ;  p lasm a v i s c o s i t y  m easurem ents 
a re  n o t  a f f e c t e d .  The second d is a d v a n ta g e  a r i s e s  from  th e  n o n -  
u n i f o r m  f l o w  i n  t h e  c a p i l l a r y  w h ic h  i s  s lo w e s t  a t  t h e  p e r ip h e r y  
and f a s t e s t  a t  th e  c e n t r e .  The r a t e  o f  shea r  v a r i e s  a c ro s s  th e  
tu b e  and m a th e m a t ic a l  a n a l y s i s  o f  t h i s  phenomenon i s  co m p le x .
More r e c e n t l y  r o t a t i o n a l  v is c o m e te r s  have been d e s ig n e d  where 
th e  t e s t  f l u i d  i s  i n t r o d u c e d  between e i t h e r  a f l a t  p l a t e  and 
a w ide  a n g le d  cone bob o r  a cup and a suspended c y l i n d r i c a l  bob . 
V i s c o s i t y  i s  c a l c u l a t e d  from  th e  measured t o r q u e  on th e  
s u s p e n d in g  w i r e s  when th e  p l a t e  o r  cup i s  r o t a t e d  a t  a v a r i e t y  
o f  s p e e d s .  The sh e a r  r a t e  depends on th e  speed o f  r o t a t i o n  
and such in s t r u m e n t s  have th e  a d v a n ta g e  t h a t  v i s c o s i t y  can be 
measured o v e r  a w ide  range  o f  sh e a r  r a t e s .  The W e l l s - B r o o k f i e l d
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v is c o m e te r  (5 0 )  has been used e x t e n s i v e l y  i n  w ho le  b lo o d  
v i s c o s i t y  m easurem ent b u t  i s  n o t  r e l i a b l e  a t  sh e a r  r a t e s  
be low  23 in v e r s e  seconds ( s e c  ^ , R ecent i n t r o d u c t i o n  o f  
th e  C o n t ra v e s  Low Shear v is c o m e te r  ( 5 1 )  a l l o w s  m easurem ent 
a t  s h e a r  r a t e s  as lo w  as 0 .0 7  sec ^ .
The Deer Rheom eter i s  a f u r t h e r  m o d i f i c a t i o n  o f  th e s e
r o t a t i o n a l  v i s c o m e te r s .  T h is  i n s t r u m e n t ,  shown i n  F ig u r e  1 ,
uses a f i x e d  cup and r o t a t i n g  c y l i n d e r .  The gap be tw een  th e
b o t to m  o f  th e  c y l i n d e r  and th e  f l o o r  o f  th e  cup i s  a c c u r a t e l y
s e t  by a m ic ro m e te r  and th e  m easurem ents o f  th e  cup and
c y l i n d e r  a c c u r a t e l y  m easured so t h a t  th e  m ov ing  a re a  o f  th e
sam ple i s  known. The m e a s u r in g  geom etry  i s  shown d ia g ra m m a t-
i c a l l y  i n  F ig u r e  2 .  The Deer Rheometer d i f f e r s  f ro m  th e  W e l l s -
B r o o k f i e l d  and C o n t ra v e s  v is c o m e te r s  i n  t h a t  t h e  s h e a r  r a t e  i s
n o t  f i x e d ,  b u t  a s h e a r  s t r e s s  o f  known d im e n s io n  i s  a p p l i e d  to
th e  r o t a t i n g  c y l i n d e r  by means o f  an i n d u c t i o n  t y p e  e l e c t r i c a l
m o to r  h a v in g  p e r fo rm a n c e  c h a r a c t e r i s t i c s  i n  w h ic h  t o r s i o n a l
f o r c e  i s  l i n e a r l y  in d e p e n d e n t  o f  a n g u la r  v e l o c i t y  o v e r  th e
f u l l  o p e r a t i o n a l  ra n g e  o f  t h e  i n s t r u m e n t .  A l l  r o t a t i n g  p a r t s
a re  s u p p o r te d  upon th e  e f f e c t i v e l y  f r i c t i o n - f r e e  a i r  b e a r in g
in c o r p o r a t e d  i n  t h e  d r i v e  u n i t ,  t h e r e  b e in g  no m e c h a n ic a l
c o n n e c t io n  w h a ts o e v e r  between t h e  r o t a t i n g  and th e  s t a t i o n a r y
p a r t s  o f  t h e  i n s t r u m e n t .  The d is p la c e m e n t  o r  a n g u la r  v e l o c i t y
o f  th e  r o t a t i n g  p a r t  i s  m easured by one o f  two s y s te m s .  I n  th e
v i s c o - e l a s t i c  a re a  and a t  v e r y  lo w  sh e a r  r a t e s  r o t a t i o n a l
d is p la c e m e n t  i s  measured by a n o n - c o n t a c t in g  e l e c t r o n i c
s e n s o r  t h a t  m easures th e  gap be tween i t s e l f  and th e  c i r c u l a r
ramp, o r  s c r o l l ,  t h a t  i s  a t t a c h e d  to  t h e  r o t a t i n g  s p i n d l e
( F ig u r e  3 ) .  A t  f a s t e r  r a t e s  o f  shea r  th e  a n g u la r  v e l o c i t y  i s  measured
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by a ta c h o m e te r  d i s c  a t t a c h e d  t o  th e  r o t a t i n g  s p in d la  and w h ich  
has a s e r i e s  o f  p e r f o r a t i o n s  round  i t s  p e r im e t e r .  Passage o f  
th e  p e r f o r a t i o n s  i s  d e te c te d  by a p h o t o e l e c t r i c  c e l l  t h a t  i s  
f i x e d  to  t h e  i n s t r u m e n t  s u p p o r t  b r a c k e t  ( F ig u r e  3 ) ,  By 
s ta n d a rd  c a l c u l a t i o n s  from  th e  m easurem ents o f  t h e  cup and 
c y l i n d e r  and th e  sam ple  s i z e ,  t h e  shea r  r a t e  o f  th e  sample 
u n d e r  t e s t  i s  c a l c u l a t e d  and hence th e  v i s c o s i t y  i s  d e te rm in e d
by d i v i d i n g  t h e  s h e a r  s t r e s s  i n  dynes/cm  by th e  sh e a r  r a t e
, —1i n  sec ,
The Deer Rheom eter has a d va n ta g e s  o v e r  th e  f i x e d  shea r  r a t e  
i n s t r u m e n t s .  F i r s t l y ,  i t  can be used t o  i n v e s t i g a t e  th e  
v i s c o - e l a s t i c  and y i e l d  s t r e s s  phenomena i n  haem orheology®
I t  can a ls o  m easure v i s c o s i t y  o v e r  a w ide  ra n g e  o f  s h e a r  r a t e s .
I t s  main d is a d v a n ta g e  i s  th e  s e n s i t i v i t y  o f  t h e  m easurem ent 
o f  v i s c o s i t y  a t  s h e a r  s t r e s s e s  j u s t  e x c e e d in g  th e  y i e l d  s t r e s s .
A t t h i s  p o i n t  t h e r e  i s  a dynam ic  and c o n s t a n t l y  c h a n g in g  
a g g r e g a t io n  and d i s - a g g r e g a t i o n  o f  e r y t h r o c y t e s ,  as d e s c r ib e d  i n  
t h e  s e c t io n  on th e  c o m p le x i t y  o f  h a e m o rh e o lo g y .  Because o f  
t h i s  phenomenon, m easurem ents  o f  v i s c o s i t y  a t  lo w  s h e a r  s t r e s s e s  
te n d  to  be e r r a t i c  and v a r i a b l e ,  depen d ing  on th e  b a la n c e s  o f  th e  
a g g r e g a t io n  and d i s - a g g r e g a t i o n .  T h is  i s  a n a t u r a l  phenomenon 
b u t  i t  re d u c e s  th e  r e p r o d u c i b i l i t y  o f  th e  m ethod u n le s s  i t  i s  
e l i m i n a t e d .  To overcom e th e  v a r i a b l e  i n f l u e n c e  o f  e r y t h r o c y t e  
a g g r e g a t io n ,  th e  sam ple i s  sh e a re d  by a sh e a r  s t r e s s  o f  
10 dynes /cm ^ f o r  two m in u te s .  T h is  causes c o m p le te  d i s - a g g r e g a t i o n  
o f  th e  c e l l s  (5 2 )  and a l lo w s  an a g g r e g a t i o n - f r e e  m easurem ent t o  be 
made. The c e l l s  s t a r t  t o  a g g re g a te  a g a in  a b o u t  30 seconds a f t e r  
th e  c e s s a t io n  o f  movement i n  th e  sample and so th e  m easurements 
m ust be made im m e d ia te ly  m o t io n  s to p s  f o l l o w i n g  th e  d i s - a g g r e g a t i n g
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s h e a r .  S tu d ie s  o f  th e  v i s c o - e l a s t i c  and y i e l d  s t r e s s  p r o p e r t i e s  
have been o m i t t e d  from  t h i s  t h e s i s ,  as th e y  a re  d i f f i c u l t  to  
i n t e r p r e t  and were f a r  to o  t im e  consum ing  to  be p o s s i b l e  w i t h  
th e  number o f  sam ples  i n  th e  s t u d i e s .
M easurement o f  Whole B lood  V i s c o s i t y
Whole b lo o d  v i s c o s i t y  was measured i n  b lo o d  sam ples  ta k e n  from  
an a n t e c u b i t a l  v e in  w i t h o u t  venous o c c lu s io n .  The b lo o d  was 
a n t i c o a g u la t e d  w i t h  L i t h i u m  H e p a r in  and s to r e d  a t  37°C u n t i l  
m easurem ent, w h ich  was co m p le te d  w i t h i n  f o u r  h o u rs  o f  sam ple 
c o l l e c t i o n .  For f i v e  m in u te s  b e fo r e  m easurem ent th e  sam ple 
was a g i t a t e d  i n  a c i r c u l a r  f a s h io n  to  e n su re  no s e p a r a t io n  o f  
c e l l s  and p lasm a and th e n  a 2 .5  ml a l i q u o t  was drawn up i n  a 
c le a n  g la s s  p i p e t t e  and p la c e d  i n  th e  m e a s u r in g  c u p .  The 
m e a su r in g  c y l i n d e r  was lo w e re d  i n t o  th e  cu p .  The w ho le  
m e a s u r in g  a p p a ra tu s  was e n c lo s e d  i n  a w a te r  j a c k e t  t h a t  was 
k e p t  a t  37°C by a c i r c u l a t i n g  w a te r  h e a t e r .  W ith  a i r  f l o w in g  
th ro u g h  th e  a i r - b e a r i n g  u n d e r  a p r e s s u re  o f  60 pounds p e r  
sq u a re  i n c h ,  th e  sam ple  was s u b je c te d  to  a s h e a r  s t r e s s  o f  
10 dynes/cm  f o r  two m in u te s .  A t th e  end o f  two m in u te s  th e  
shea r  s t r e s s  was w i th d ra w n  and th e  r e q u i r e d  m e a s u r in g  sh e a r  
s t r e s s  s e le c t e d .  As soon as th e  c y l i n d e r  had s to p p e d ,  th e  new 
sh e a r  s t r e s s  was a p p l i e d  a n d a l lo w e d  t o  s t a b i l i s e  f o r  30 se co n d s ,  
f o l l o w i n g  w h ic h  th e  a n g u la r  v e l o c i t y  was m easured o v e r  a p e r io d  
o f  a f u r t h e r  30 se co n d s .  From th e  a n g u la r  v e l o c i t y  t h e  sample sh e a r  
r a t e  was c a l c u l a t e d  and hence th e  v i s c o s i t y  was worked o u t .
Between each measurement th e  cup and c y l i n d e r  were c a r e f u l l y  
c le a n e d  w i t h  d i s t i l l e d  w a te r  a t  37°C and d r i e d ,  g r e a t  c a re  b e in g  
ta k e n  n o t  t o  le a v e  any d e b r i s  o r  th r e a d s  on th e  m e a s u r in g  s u r fa c e s  
as t h a t  w o u ld  p r o f o u n d ly  a f f e c t  th e  sub se q u e n t  m easurem ent.
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F ig u r e  1 The Deer Rheometer
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Viscometer in Sectional View
Driven spindle




Blood sample 2*5 m
Water jacket
W ater out
F ig u r e  2 D iagram  o f  t h e  M e a s u r in g  Geometry o f  th e  Deer Rheom eter
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Driving Unit
R otationa l Transducer 
Tachom eter Disc
D isp lacem ent Transducer 
D isp lacem ent S cro ll
Rem ovable C huck
M easuring  C y lind e r
F ig u r e  3 D iagram  o f  th e  D is p la c e m e n t  and A n g u la r  
V e l o c i t y  M e a s u r in g  Systems o f  th e  Deer 
Rheometer
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R e s u l t s
The n o n -N e w to n ia n  b e h a v io u r  o f  w h o le  b lo o d  was c o n f i rm e d  by 
p l o t t i n g  t h e  w h o le  b lo o d  v i s c o s i t y  m easurem ents  made a t  a 
s e r i e s  o f  d i f f e r e n t  sh e a r  s t r e s s  v a lu e s .  The mean and SD 
o f  th e s e  m easurem ents on 30 a l i q u o t s  o f  t h e  same b lo o d  sample 
a re  shown g r a p h i c a l l y  i n  F ig u r e  4 .  A t  th e  lo w e s t  s h e a r  s t r e s s  
a t  w h ic h  measurem ent was made th e  c o e f f i c i e n t  o f  v a r i a t i o n  
was h ig h  a t  18 p e r  c e n t ,  w hereas  a t  h ig h e r  s h e a r  s t r e s s e s  th e  
c o e f f i c i e n t  was s i g n i f i c a n t l y  lo w e r  a t  between 7 .0  and 8 .5  p e r  c e n t .
The e f f e c t  o f  h a e m a to c r i t  on w h o le  b lo o d  v i s c o s i t y  i s  shown 
i n  F ig u r e  5 where a s e r i e s  o f  sam p les  o f  d i f f e r e n t  h a e m a to c r i t s  
were s u b je c te d  to  s h e a r  s t r e s s  o f  b o th  0 .5 7 4  dynes /cm ^ and 
5 .7 3 9  dynes /cm ^ and t h e i r  v i s c o s i t y  c a l c u l a t e d .  R is in g  
h a e m a to c r i t  i s  a s s o c ia t e d  w i t h  i n c r e a s i n g  b lo o d  v i s c o s i t y .
T h is  e f f e c t  i s ,  h o w e ve r ,  s i g n i f i c a n t l y  i n f l u e n c e d  by th e  sh e a r  
s t r e s s .  As th e  s h e a r  s t r e s s  i n c r e a s e s ,  so t h e  e f f e c t  o f  in c r e a s e d  
h a e m a to c r i t  i s  d im in i s h e d .
M easurem ent o f  P lasm a V i s c o s i t y
Plasm a was s e p a ra te d  from  b lo o d ,  w h ic h  had been a n t i c o a g u la t e d  
w i t h  L i t h i u m  H e p a r in ,  by c e n t r i f u g a t i o n  a t  5 ,0 0 0  G f o r  15 m in u te s .  
P lasm a a l i q u o t s  o f  2 . 5  ml were  m easured i n  th e  Deer Rheometer a t  
37°C . W ith  p lasm a t h e r e  was no need f o r  d i s - a g g r e g a t i o n  s h e a r in g  
and th e  sam ples  w ere  r o u t i n e l y  measured a t  a s h e a r  s t r e s s  o f  
0 .5 7 4  dynes/cm  .
R e s u l t s
The N e w to n ia n  b e h a v io u r  o f  p lasm a i s  shown i n  F ig u r e  6 . I n c r e a s in g  
sh e a r  s t r e s s  does n o t  a l t e r  th e  v i s c o s i t y  m easu rem en t.  I f  th e  
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th e n  th e  * c o n ta m in a te d ’ p lasm a w i l l  e x h i b i t  a m o d i f i e d  deg ree  
o f  sh e a r  t h i n n i n g ,  a ls o  i f  th e  sample was l e f t  i n  th e  
m e a s u r in g  geom e try  f o r  more th a n  f i v e  m in u te s  d r y in g  to o k  
p la c e  a t  t h e  sam ple—a i r  i n t e r f a c e  and t h i s  a ls o  gave r i s e  to  
a p p a re n t  s h e a r  t h i n n i n g .
T h i r t y  a l i q u o t s  o f  t h e  same p lasm a measured a t  a s h e a r  s t r e s s  
o f  0 .5 7 4  dynes /cm ^ a t  37°C gave a mean v i s c o s i t y  o f  1 .5 2  
c e n t i p o i s e ,  SD o f  0 .0 5  and c o e f f i c i e n t  o f  v a r i a t i o n  o f  
6 .5  p e r  c e n t .
D is c u s s io n
The Deer Rheom eter g iv e s  r a p i d  and r e a s o n a b ly  r e p r o d u c t i v e  
m easurem ents  o f  w h o le  b lo o d  and p lasm a v i s c o s i t y  o v e r  a w ide  
ra n g e  o f  s h e e r  s t r e s s e s .  The n o n -N e w to n ia n  b e h a v io u r  o f  w ho le  
b lo o d  fo u n d  i n  t h i s  s tu d y  i s  i n  ag reem en t w i t h  o t h e r  w o rk e rs  
( 2 2 , 3 2 , 5 3 ) .  A g g r e g a t io n  o f  e r y t h r o c y t e s  a t  lo w  s h e a r  r a t e s  
has lo n g  been c o n s id e r e d  o f  g r e a t  im p o r ta n c e  f o r  t h e  h ig h  
v i s c o s i t i e s  e n c o u n te re d  u n d e r  th e s e  c o n d i t i o n s .  Low sh e a r  -  
v i s c o s i t y  r e l a t i o n s h i p s  i n  many p a t h o l o g i c a l  s t a t e s  have been 
d e s c r ib e d  ( 5 4 ) ,  b u t  a r e c e n t  r e p o r t  by C op ley  e t  a l  (1 9 7 5 )
( 5 2 ) ,  u s in g  a s p e c i a l l y  m o d i f i e d  r o t a r y  v is c o m e t e r ,  th ro w s  
some d o u b t  on th e s e  f i n d i n g s ,  sh o w in g ,  as was seen i n  my e a r l y  
e x p e r ie n c e  w i t h  t h e  Deer R heom ete r ,  t h a t  a t  lo w  s h e a r  r a t e s  
e r y t h r o c y t e s  go th r o u g h  a g g r e g a t io n  and d i s - a g g r e g a t i o n  i n  an 
u n p r e d i c t a b l e  f a s h io n  t h a t  makes lo w  shea r  v is c o m e t r y  v e ry  
d i f f i c u l t  t o  i n t e r p r e t .  Even th o u g h  i n  th e  p r e s e n t  s tu d y  e v e ry  
e f f o r t  was made to  e l i m i n a t e  th e  e f f e c t s  o f  e r y t h r o c y t e  
a g g r e g a t io n ,  t h e r e  i s  no d o u b t  t h a t  t h e  v a r i a b i l i t y  o f  m easurement 
i s  much im p ro v e d  a t  h ig h e r  sh e a r  s t r e s s e s .
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The i n f l u e n c e  o f  h a e m a to c r i t  on w ho le  b lo o d  v i s c o s i t y  
i s  th e  s u b je c t  o f  c o n f l i c t i n g  r e p o r t s .  U s ing  a c a p i l l a r y  
v i s c o m e te r ,  Hess (1 9 1 1 )  (5 5 )  and o t h e r s  ( 5 5 ,5 7 )  d e s c r ib e d  
a c u r v i l i n e a r  r e l a t i o n s h i p  between h a e m a to c r i t  and b lo o d  
v i s c o s i t y .  N yggard  e t  a l  (1 9 3 5 )  (5 8 )  and o t h e r s  ( 5 9 ) ,  
a ls o  u s in g  c a p i l l a r y  v i s c o m e t e r s ,  showed t h a t  th e  l o g a r i t h m  
o f  b lo o d  v i s c o s i t y  was r e l a t e d  t o  t h e  h a e m a t o c r i t  and t h i s  
has s u b s e q u e n t ly  been c o n f i r m e d  by s e v e r a l  g ro u p s  u s in g  
r o t a t i o n a l  v i s c o m e te r s  ( 3 2 , 6 0 ) ,
P lasma v i s c o s i t y  i s  b e l i e v e d  t o  be N ew ton ian  i n  b e h a v io u r ,  
a l th o u g h  d o u b ts  were  c a s t  ( 6 1 , 6 2 )  w h ich  were p r o b a b ly  due to  
m e th o d o lo g ic a l  e r r o r  ( 6 3 ) .  C e r t a i n l y  i n  t h i s  p r e s e n t  s t u d y ,  
b o th  in a d e q u a te  s e p a r a t io n  o f  p l a t e l e t s  and w h i t e  b lo o d  c e l l s  
and s a m p le - a i r  i n t e r f a c e  d r y in g  b o th  r e s u l t e d  i n  a p p a re n t  
n o n -N e w to n ia n  b e h a v io u r .
b) The Measurem ent o f  E r y t h r o c y t e  D e f o r m a b i l i t y
"An o b s e r v a t io n  o f  M r .  Leeuwenhoek i s  v e ry  
w e l l  w o r th  r e g a r d in g :  he to o k  n o t i c e ,  t h a t
when he was g r e a t l y  d i s o r d e r e d ,  th e  G lo b u le s  
o f  h i s  B lood  app e a re d  h a rd  and r i g i d ,  b u t  grew 
s o f t e r  and more p l i a b l e  as h i s  H e a l th  r e t u r n e d . "
Henry Baker (1 7 4 3 )  i n  
The M ic ro s c o p e  made Easy
E r y t h r o c y t e  d e f o r m a b i l i t y  may be d e f in e d  as th o s e  p h y s i o -  
c h e m ic a l  c h a r a c t e r i s t i c s  w h ic h  p e r m i t  e r y t h r o c y t e s  whose 
g r e a t e s t  d ia m e te r  n o r m a l l y  exceeds 8  / jm ,  to  pass th ro u g h  
no rm a l c a p i l l a r i e s  w h ich  ra n g e  from  3 to  12 jjm i n  d ia m e te r  ( 6 4 ) .
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T h is  d e f o r m a b i l i t y  i s  i m p o r t a n t  i n  t h r e e  s i t u a t i o n s .  F i r s t l y ,  
i t  i s  an im p o r t a n t  d e te r m in a n t  o f  e r y t h r o c y t e  l i f e s p a n  
i n  v i v o  ( 6 5 - 6 7 ) ,  S e c o n d ly ,  i t  has a s i g n i f i c a n t  i n f l u e n c e  on 
b lo o d  f l o w  i n  th e  m i c r o c i r c u l a t i o n  ( 1 0 , 6 8 , 6 9 ) ,  T h i r d l y ,  i t  i s  
a d e te r m in a n t  o f  w h o le  b lo o d  v i s c o s i t y ,  p a r t i c u l a r l y  a t  h ig h  
r a t e s  o f  f l o w  ( 7 0 ) ,  and so i t  a f f e c t s '  p e r i p h e r a l  r e s i s t a n c e  
and hence c a r d ia c  w o rk .
E r y t h r o c y t e  d e f o r m a b i l i t y  can be measured by f o u r  t y p e s  o f  
m e thod : v is c o m e t r y  ( 7 1 ) ;  r a t e  o f  c e n t r i f u g a l  p a c k in g  ( 7 2 ) ;
d e fo r m a t io n  o f  t h e  membrane by m i c r o p i p e t t e s  (7 3 )  and l a s t l y ,  
by m i c r o f i l t r a t i o n  th r o u g h  i n e r t  m a t e r i a l s  o f  known p o r i c i t y  
( 7 4 - 7 7 ) ,
The m ethod o f  w h o le  b lo o d  f i l t r a t i o n  d e s c r ib e d  by R e id  e t  a l  
(1 9 7 6 )  (7 8 )  was s e le c t e d  as th e  s im p le s t  t o  use i n  t h e  i n v e s t i g a t i o n  
o f  e r y t h r o c y t e  d e f o r m a b i l i t y  i n  t h i s  p r e s e n t  s t u d y ,  b u t  i t  was 
soon fo u n d  t h a t  t h i s  m ethod was u n r e l i a b l e  and th e  r e s u l t s  were 
a f f e c t e d  by many o t h e r  f a c t o r s  th a n  e r y t h r o c y t e  d e f o r m a b i l i t y .
The f o l l o w i n g  s tu d y  s o u g h t  t o  i d e n t i f y  th e s e  s o u rc e s  o f  e r r o r  
and t o  e l i m i n a t e  o r  m in im is e  them .
E x p e r im e n ta l  M e thods 
P a t i e n t s
T h i r t y  h e a l t h y  fe m a le  v o lu n t e e r s  aged between 20 and 40 y e a r s ,  
none o f  whom smoked c i g a r e t t e s ,  were s e l e c t e d .
A p p a ra tu s
The a p p a r a tu s ,  seen i n  F ig u r e  7 ,  e x p e r im e n ta l  m ethod and sample 
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F ig u r e  7 D ia g ra m m a t ic  R e p r e s e n ta t io n  o f  th e  A p p a ra tu s  
f o r  M e a su r in g  th e  E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x
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th e  e v a lu a t i o n  o f  t h e  w ho le  b lo o d  f i l t r a t i o n  m e th o d ,  N u c le p o re  
5 jjm  p o re  d ia m e te r  f i l t e r  membranes were used ( S t e r i l i n  L t d . ,  
T e d d in g to n ,  M id d le s e x ) .
Sample H a n d l in g
Venous b lo o d  was drawn i n t o  c le a n  d is p o s a b le  s y r i n g e s  w i t h  
m in im a l  venous o c c l u s i o n .  Each sam ple  was a n t i c o a g u la t e d  w i t h  
EOTA. I n  t h e  f i r s t  s e c t i o n  o f  e x p e r im e n ts ,  w ho le  b lo o d  was 
used and i n  t h e  second s e c t i o n  t h e  sam ples were  c e n t r i f u g e d  
a t  2,00DG f o r  15 m in u te s  th e n  th e  p lasm a was s e p a r a te d ,  th e  
b u f f y  c o a t  a s p i r a t e d  and d is c a r d e d  and th e  e r y t h r o c y t e s  
resu sp e n d e d  i n  t h e i r  n a t i v e  p lasm a  t o  g iv e  a h a e m a t o c r i t  o f  
between 0 ,1 5  and 0 , 2 0 ,  The sam ple  was s t o r e d  a t  room 
te m p e r a tu r e  u n t i l  m easu rem en t,  w h ic h  was c o m p le te d  w i t h i n  
two h o u rs  o f  v e n e p u n c tu r e ,  H a e m a to c r i t  and w h i t e  b lo o d  c e l l  
c o u n ts  were made on a C o u l t e r  C o u n te r  S P lu s ,  Whole b lo o d  and 
p lasm a v i s c o s i t y  were measured a t  a shea r  s t r e s s  o f  5 ,7  dynes/cm  
a t  37°C u s in g  th e  Deer Rheom eter as d e s c r ib e d  i n  s e c t i o n  i i i ,
s u b s e c t io n  ’ a* o f  t h i s  c h a p t e r .  B lo o d  pH was m easured and
c o n t r o l l e d  as d e s c r ib e d  i n  s e c t i o n  i v ,  s u b s e c t io n  i  o f  t h i s  
c h a p te r .  P lasma f i b r i n o g e n  was measured by th e  m ethod o f  
R a t n o f f  and M enz ie  (1 9 5 1 )  ( 7 9 ) ,
E r y t h r o c y t e  f i l t r a t i o n  r a t e  (EFR) was c a l c u l a t e d  as th e  volume 
o f  e r y t h r o c y t e s  p a s s in g  th ro u g h  a 5 pm f i l t e r  i n  one m in u te  
u n d e r  a p e r f u s i o n  p r e s s u r e  o f  30 cm o f  w a te r .  U n le s s  s t a t e d
o t h e r w is e ,  t h e  sam ple  and a p p a r a tu s  were k e p t  i n  an in c u b a t o r
a t  37°C f o r  10 m in u te s  p r i o r  t o  measurement i n  o r d e r  t o  
s t a n d a r d is e  th e  m easurem ent t e m p e r a tu r e .  E r y t h r o c y t e  D e f o r m a b i l i t y
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In d e x  (E D I)  was c a l c u l a t e d  by c o r r e c t i n g  th e  E r y t h r o c y t e  
F i l t r a t i o n  Rate  f o r  v a r i a t i o n s  i n  p lasm a v i s c o s i t y .  From 
F ig u r e  20 i t  can be seen t h a t  th e  E r y t h r o c y t e  F i l t r a t i o n  
Rate has an in v e r s e  r e l a t i o n s h i p  w i t h  th e  p lasm a v i s c o s i t y ,  
th e  c o r r e l a t i o n  c o e f f i c i e n t  o f  t h i s  r e l a t i o n s h i p  i s  - 0 . 8 2 5 ,  
th e  s lo p e  i s  -0 .0 9 1  and th e  s ta n d a rd  e r r o r  o f  th e  s lo p e  i s  
0 , 0 1 5 .  T a k in g  th e  E r y t h r o c y t e  F i l t r a t i o n  Rate  o f  h e a l t h y  
a d u l t  fe m a le s  as th e  s ta n d a r d  and t h e i r  p lasm a v i s c o s i t y  o f  
1 .7 5  c e n t i p o i s e  as s t a n d a r d ,  th e n  th e  E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x  o f  a sam ple  'A '  u s in g  th e  f o l l o w i n g  f o r m u la  d e r i v e d  
from  th e  l i n e a r  r e g r e s s io n  a n a l y s i s  o f  E r y t h r o c y t e  F i l t r a t i o n  
R ate  and p lasm a v i s c o s i t y ;
E D I(A ) “  EFR(a ) -  0 .091  x [T.75 -  P lasma v i s c o s i t y  
Scann ing  e l e c t r o n  m ic ro s c o p y  o f  th e  f i l t e r s  was done by th e  
method d e s c r ib e d  i n  s e c t i o n  i v ,  s u b s e c t io n  * j '  o f  t h i s  c h a p t e r .
R e s u l t s  
S e c t io n  1
M easurement d e la y  had a s i g n i f i c a n t  e f f e c t  on E r y t h r o c y t e  
F i l t r a t i o n  R a te  ( F i g u r e  8 ) .  A t  t h r e e  and s i x  h o u rs  a f t e r  
v e n e p u n c tu re ,  th e  mean E r y t h r o c y t e  F i l t r a t i o n  Ra te  was 
s i g n i f i c a n t l y  re d u c e d  (p  < [ 0 , 0 0 1 ) .
The e f f e c t  o f  v a r y in g  th e  h a e m a to c r i t  o f  th e  e r y t h r o c y t e  s u s p e n s io n s  
i s  shown i n  F ig u r e  9 ,  The m ost s t a b l e  m easurem ents o f  E r y t h r o c y t e  
F i l t r a t i o n  Rate  were  fo u n d  a t  h a e m a to c r i t s  be tween 0 ,1 0  and 0 , 3 0 ,
A l t e r i n g  p lasm a v i s c o s i t y  by e i t h e r  e v a p o r a t io n  o r  d i l u t i o n  w i t h  
n o rm a l s a l i n e  v a r i e d  t h e  E r y t h r o c y t e  F i l t r a t i o n  R a te  ( F ig u r e  1 0 ) ,  
L i n e a r  r e g r e s s io n  a n a l y s i s  on th e  d a ta  i n  F ig u r e  10 g iv e s  a
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F ig u re  8  E f f e c t  o f  M easurement D e la y  on E r y t h r o c y t e  
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A d ju s te d  H a e m a t o c r i t
F ig u r e  9 E f f e c t  o f  V a r i a t i o n  i n  H a e m a to c r i t  on 
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Plasma Viscosity (c.p.)
F ig u re  10 E f f e c t  o f  V a r i a t i o n  i n  P lasma V i s c o s i t y  
on E r y t h r o c y t e  F i l t r a t i o n  Rate  (EFR)
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c o r r e l a t i o n  c o e f f i c i e n t  o f  - 0 , 8 2 5 ,  a s lo p e  o f  -0 ,0 9 1  and an 
i n t e r c e p t  o f  1 ,1 4 9 ,
The d u r a t i o n  o f  f i l t r a t i o n  a ls o  a f f e c t e d  th e  E r y t h r o c y t e  
F i l t r a t i o n  R a te  ( F ig u r e  1 1 ) ,  U s in g  w ho le  b lo o d  th e  vo lum e 
o f  e r y t h r o c y t e s  f i l t e r e d  i n  each s u c c e s s iv e  2 0  second p e r i o d  
a f t e r  40 seconds  was s i g n i f i c a n t l y  l o w e r  th a n  t h a t  f i l t e r e d  
i n  th e  f i r s t  two 20 second p e r i o d s  (p  ^ C O .0 0 1 ) .  I n  o r d e r  to  
i n v e s t i g a t e  t h e  re a so n  f o r  t h i s  r e d u c t i o n  i n  E r y t h r o c y t e  
F i l t r a t i o n  R a te ,  spec im ens o f  b lo o d  were exam ined b e fo r e  and 
a f t e r  f i l t r a t i o n .  I n  te n  sam p les  th e  mean h a e in a t o c r i t  b e fo r e  
f i l t r a t i o n  was 0 ,3 8 0  and a f t e r  was 0 ,3 7 9 ,  i n d i c a t i n g  no 
s i g n i f i c a n t  l o s s  o f  e r y t h r o c y t e s .  The p l a t e l e t  c o u n t  was n o t  
s i g n i f i c a n t l y  a l t e r e d  by f i l t r a t i o n .  However, th e  mean w h i te  
b lo o d  c e l l  c o u n t  f e l l  f rom  1 1 , 6  x 1 0 ^ / l  b e fo r e  f i l t r a t i o n  to  
1 0 ,2  X 1 0 ^ / l  a f t e r .  U s ing  a p a i r e d  t - t e s t  t h i s  d i f f e r e n c e  was 
s i g n i f i c a n t  (p  0 , 0 0 1 ) ,  i n d i c a t i n g  t h a t  w h i t e  c e l l s  were b e in g  
t r a p p e d  i n  th e  f i l t e r  and c o u ld  be b lo c k in g  th e  p o r e s .
T h is  was c o n f i r m e d  by e x a m in in g  th e  f i l t e r s  w i t h  a s c a n n in g  
e l e c t r o n  m ic ro s c o p e  a f t e r  f i l t r a t i o n .  F i l t e r s  t h r o u g h  w h ich  
w ho le  b lo o d  w i t h  a w h i t e  b lo o d  c e l l  c o u n t  o f  1 2 , 8  x 1 0  / I  had 
been f i l t e r e d  f o r  p e r io d s  o f  20 ,  40 and 60 seconds a re  shown 
i n  f i g u r e s  12 , 13 and 14 r e s p e c t i v e l y .  W h ite  c e l l s  can be seen 
p r o g r e s s i v e l y  b lo c k in g  more p o re s  as th e  f i l t r a t i o n  t im e  i s  
i n c r e a s e d .  F ig u r e  15 shows a h ig h e r  power v ie w  o f  one p o re  
b lo c k e d  by s i x  w h i t e  c e l l s  w i t h  two e r y t h r o c y t e s  u n a b le  t o  pass 
t h r o u g h .  The e f f e c t  o f  re m o v in g  th e  w h i t e  c e l l s  f ro m  th e  
e r y t h r o c y t e  s u s p e n s io n  i s  seen i n  F ig u r e  11 , w i t h  o n l y  a s l i g h t  
r e d u c t i o n  i n  E r y t h r o c y t e  F i l t r a t i o n  Ra te  o v e r  p r o lo n g e d  f i l t r a t i o n
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Consecutive 20 second filtration periods
F ig u r e  11 E f f e c t  o f  V a r i a t i o n  i n  F i l t r a t i o n  D u r a t io n  on E r y t h r o c y t e  
F i l t r a t i o n  R a te  (EFR) o f  Whole B lo o d  and E r y t h r o c y t e  
S uspens ion
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F ig u r e  12 P h o t o e le c t r o n m ic r o g r a p h  x 1 ,000  o f  M u c le p o re  F i l t e r  
Membrane A f t e r  20 Seconds o f  Whole B lood  F i l t r a t i o n
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Figura 13 Photoelectronmicrograph x 1,000 of Nuclepore Filter 
Membrane After 40 Seconds of Whole Blood Filtration
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F ig u r e  14 P h o to e le c t r o n m ic r o g r a p h  x 1 ,0 0 0  o f  N u c le p o re  F i l t e r  
Membrane A f t e r  60 Seconds o f  Whole B lood  F i l t r a t i o n
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F ig u r e  15 P h o to e le c t r o n m ic r o g r a p h  x 7 ,0 0 0  o f  One Pore  From 
F ig u r e  14 Showing W h i te  C e l l s  B lo c k in g  th e  Pore
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p e r i o d s .  The r e d u c t i o n  i n  w h i t e  c e l l  b lo c k a g e  o f  th e  p o re s  was 
c o n f i rm e d  by s c a n n in g  e l e c t r o n  m ic r o s c o p ic  e x a m in a t io n  o f  th e  
f i l t e r s  ( F ig u r e  1 6 ) .
S e c t io n  2
T h i r t y —s i x  r e p e a t  m easurem ents were made on e r y t h r o c y t e  
s u s p e n s io n s  p re p a re d  from  50 ml o f  b lo o d  from  a h e a l t h y  v o l u n t e e r .  
The mean E r y t h r o c y t e  F i l t r a t i o n  R a te  was 0 .0 2  m l / m in ,  SD 0 .0 6  m l /  
m in and c o e f f i c i e n t  o f  v a r i a t i o n  7 .3  p e r  c e n t .  The mean p lasm a 
v i s c o s i t y  was 1 ,7 2  c e n t i p o i s e ,  SD 0 ,1 2  and c o e f f i c i e n t  o f  
v a r i a t i o n  7 .0  p e r  c e n t .  The mean E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x  was t h e r e f o r e  0 , 8 2 ,  SD 0 ,0 6  and c o e f f i c i e n t  o f  v a r i a t i o n  
7 .3  p e r  c e n t .
R educ ing  th e  te m p e r a tu re  a t  w h ich  m easurem ents  were made from  
37°C t o  20°C r e s u l t e d  i n  a s i g n i f i c a n t  f a l l  i n  E r y t h r o c y t e  
F i l t r a t i o n  R a te  f rom  0 .7 9  m l /m in  t o  0 ,6 3  m l /m in  ( p < 0 , 0 l ) ,  and 
a s i g n i f i c a n t  r i s e  (p  < 0 , 0 0 1 ) i n  th e  p lasm a v i s c o s i t y  from  
2 ,0  c e n t i p o i s e  t o  3 ,8  c e n t i p o i s e  ( F ig u r e  1 7 ) ,  The E r y t h r o c y t e  
D e f o r m a b i l i t y  In d e x ,  h ow eve r ,  showed no s i g n i f i c a n t  change 
w i t h  t e m p e r a tu r e .
The e f f e c t  o f  a l t e r i n g  th e  sam ple  pH i s  shown i n  F ig u r e  18 .
W ith  a r e d u c t i o n  i n  pH b o th  t h e  E r y t h r o c y t e  F i l t r a t i o n  Rate  
and th e  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  d e c re a se d  s i g n i f i c a n t l y .  
T h is  was n o t  due t o  changes i n  t h e  p lasm a v i s c o s i t y  w h ic h  was 
o n ly  a l t e r e d  once th e  f a l l  i n  pH w en t beyond 6 .9  when th e  
p r o t e i n s  s t a r t e d  t o  be p r e c i p i t a t e d .
D is c u s s io n
As an in c r e a s in g  number o f  d is e a s e s  a re  shown t o  be a s s o c ia te d
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F ig u r e  16 P h o to e le c t r o n m ic r o g r a p h  x 1 ,000  o f  N u c le p o re  F i l t e r  
Membrane A f t e r  60 Seconds o f  E r y t h r o c y t e  S uspens ion  
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F ig u r e  17 The E f f e c t  o f  V a r i a t i o n  o f  Measurement T e m p e ra tu re  on 
P lasma V i s c o s i t y ,  E r y t h r o c y t e  F i l t r a t i o n  R a te  (EFR) 
and E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  (E D I)
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F ig u r e  18 The E f f e c t  o f  V a r i a t i o n  i n  Sample pH L e v e l  on Plasma 
V i s c o s i t y ,  E r y t h r o c y t e  F i l t r a t i o n  Rate  (EFR) and 
E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  (E D I)
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w i t h  d e c re a se d  e r y t h r o c y t e  d e f o r m a b i l i t y  (8 0 )  and t h i s  p a ra m e te r  
i s  more f r e q u e n t l y  m easured , so i t  becomes i n c r e a s i n g l y  im p o r t a n t  
to  e v a lu a te  t h e  m ethods o f  m easurem ent.
I n  t h i s  s t u d y ,  s i x  v a r i a b l e s  were i d e n t i f i e d  w h ic h  a f f e c t  th e  
measurement o f  e r y t h r o c y t e  d e f o r m a b i l i t y  u s in g  th e  m ethod o f  
R e id  e t  a l  (1 9 7 5 )  ( 7 8 ) ,  The im p o r ta n c e  o f  a v o id in g  measurement 
d e la y  beyond two h o u rs  a f t e r  v e n e p u n c tu re  has been d e m o n s tra te d  
and th e  s i g n i f i c a n t  e f f e c t  o f  p o re  b lo c k a g e  by w h i t e  c e l l s  
c l e a r l y  shown. I n  many p a t h o l o g i c a l  s t a t e s ,  i n  p re g n a n c y  and 
i n  t h e  new b o rn , t h e  w h i t e  b lo o d  c e l l  c o u n t  may be c o n s id e r a b ly  
e le v a te d  and th e  m easurem ent o f  e r y t h r o c y t e  d e f o r m a b i l i t y  by 
w ho le  b lo o d  f i l t r a t i o n  w ou ld  g i v e  e r r o n e o u s ly  lo w  d e f o r m a b i l i t y  
v a lu e s .  The im p o r ta n c e  o f  a d j u s t i n g  h a e m a to c r i t  t o  between 
0 ,1 5  and 0 .3 5  i s  c l e a r l y  seen i n  F ig u r e  9 ,  T h is  has a ls o  been 
fo u n d  n e c e s s a ry  by o t h e r  w o rk e rs  ( 7 5 , 7 6 ) ,  a l t h o u g h  R e id  e t  a l  
(1 9 7 6 )  (7 8 )  fo u n d  t h e i r  d e f o r m a b i l i t y  measurem ent t o  be 
in d e p e n d e n t  o f  h a e m a to c r i t  be tw een 0 .2 0  and 0 , 7 0 .  U s in g  a 
s u s p e n s io n  o f  e r y t h r o c y t e s ,  f r e e  o f  w h i te  c e l l s ,  w i t h  a 
h a e m a to c r i t  o f  be tween 0 ,1 5  and 0 ,3 5  g iv e s  a p e r f u s a t e  v e ry  
s i m i l a r  t o  t h a t  fo u n d  i n  n o rm a l c a p i l l a r i e s  w he re , because o f  th e  
e f f e c t s  o f  p lasm a sk im m ing  ( 8 1 ) ,  th e  h a e m a to c r i t  i s  lo w .  Plasma 
v i s c o s i t y  a f f e c t s  th e  f i l t r a t i o n  r a t e  and m ust be c o r r e c t e d  f o r  
when m e a s u r in g  e r y t h r o c y t e  d e f o r m a b i l i t y  by a f i l t r a t i o n  t e c h n iq u e  
( 7 5 ) ,  R e id  e t  a l  (1976 )  (31 ), i n  th e  c l i n i c a l  e v a lu a t i o n  o f  t h e i r  
d e f o r m a b i l i t y  m easurem ent, ig n o r e d  any e f f e c t  o f  d i f f e r e n c e s  i n  
p lasm a v i s c o s i t y  between t h e i r  g ro u p s  o f  p a t i e n t s ,  and t h i s  a lo n e  
w ou ld  have a c c o u n te d  f o r  th e  f i n d i n g  o f  an a p p a r e n t l y  lo w  e r y t h r o c y t e  
d e f o r m a b i l i t y  i n  t h e i r  p a t h o l o g i c a l  g ro u p .
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The in d e p e n d e n c e  o f  e r y t h r o c y t e  d e f o r m a b i l i t y  f ro m  te m p e ra tu re  
v a r i a t i o n  shown i n  F ig u r e  17 has p r e v i o u s l y  been r e p o r t e d  by 
S chm id -S chon be in  e t  a l  (1 9 7 3 )  ( 7 5 ) ,  who fo u n d  d e f o r m a b i l i t y  
to  be in d e p e n d e n t  o f  te m p e ra tu re  between 4 and 40^C . A l th o u g h  
i n  t h i s  s tu d y  a l l  m easurem ents  o f  e r y t h r o c y t e  d e f o r m a b i l i t y  
were made a t  37 °C , p r o v id e d  t h a t  th e  E r y t h r o c y t e  F i l t r a t i o n  
Rate  and th e  p lasm a  v i s c o s i t y  a re  measured a t  th e  same 
t e m p e r a tu r e ,  t h e r e  s h o u ld  be no v a r i a t i o n  i n  th e  E r y t h r o c y t e  
D e f o r m a b i l i t y  In d e x  r e s u l t ,  and t h i s  s i m p l i f i e s  th e  te c h n iq u e  
f o r  m easurement o f  E r y t h r o c y t e  F i l t r a t i o n  R a te  w h ic h  i s  m ost 
e a s i l y  c a r r i e d  o u t  a t  room te m p e r a tu r e .
The e f f e c t  o f  pH on e r y t h r o c y t e  d e f o r m a b i l i t y  i s  w e l l  documented 
( 1 6 ,8 2 )  and th e  r e s u l t s  o f  t h i s  s tu d y  c o n f i r m  th e s e  f i n d i n g s  and 
show th e  s e n s i t i v i t y  o f  t h i s  method i n  d e t e c t i n g  changes i n  
e r y t h r o c y t e  d e f o r m a b i l i t y .
The few  s t u d i e s  o f  e r y t h r o c y t e  d e f o r m a b i l i t y  i n  p re g n a n c y ,  i n  th e  
f e t u s  and i n  o r a l  c o n t r a c e p t i v e  u s e r s ,  w i l l  be re v ie w e d  i n  th e  
a p p r o p r i a t e  c l i n i c a l  s e c t i o n s  o f  th e  t h e s i s .
i v )  STANDARD METHODS USED IN THE STUDIES
a) H a e m a to c r i t
I n  th e  s t u d ie s  on p re g n a n t  and n o n -p re g n a n t  a d u l t  women, h a e m a to c r i t  
was m easured on sam p les  a n t i c o a g u la t e d  w i t h  e t h y l e n e d ia m i n o t e t r a -  
a c e t i c  a c id  (EDTA) 1 .5  m g /m l,  u s in g  a C o u l t e r  C o u n te r  S P lu s .  In  
th e  s t u d ie s  on f e t a l  b lo o d  h a e m a to c r i t  was measured u s in g  a 
H aw ks ley  M ic r o h a e m a to c r i t  c e n t r i f u g e .  The sam p les  ware spun a t  
1 5 ,000  G f o r  7 m in u te s .
b) P l a t e l e t  and W h ite  B lo o d  C e l l  Counts
P l a t e l e t  and w h i t e  b lo o d  c e l l  c o u n ts  were made u s in g  a C o u l t e r  C o u n te r
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s P lu s  and sam ples  a n t i c o a g u la t e d  w i t h  EDTA.
c ) P lasma F ib r in o g e n
In  th e  s t u d ie s  on non—p re g n a n t  woman and on f e t a l  b lo o d ,  th e  
p lasm a f i b r i n o g e n  was e s t im a te d  by th e  m ethod o f  R a t n o f f  and 
M enz ie  (1 9 5 1 )  ( 7 9 ) .  I n  th e  p re g n a n c y  s t u d ie s  th e  method o f  
E l l i s  and S t r a n s k y  (1 9 6 1 )  (8 3 )  was chosen because i t  i s  l e s s  
t im e -c o n s u m in g  and th e  number o f  sam ples was c o n s id e r a b le *
d) P lasma L a c t a t e  D ehydrogenase
Plasm a l a c t a t e  dehyd ro g e n a se  was m easured by th e  m ethod o f  
l i i r o b le w s k i  and La Due (1 9 5 5 )  ( 8 4 ) .
e) P lasm a B i l i r u b i n
Plasma b i l i r u b i n  was m easured a u t o a n a l y t i c a l l y  by t h e  method 
o f  Gambio and S c h r e ib e r  (1 9 6 4 )  ( 8 5 ) .
f ) P lasma H a p to g lo b in
P lasma h a p t o g lo b in  was measured by r a d i a l  im m u n o d i f f u s io n  u s in g  
M - P a r t ig e n  p l a t e s  s u p p l ie d  by B e h r in g  D ia g n o s t i c s .
g) Serum A lb u m in  and T o t a l  P r o t e in
T o t a l  p r o t e i n  was m easured by th e  b i u r e t  m ethod o f  H e n ry ,  Sobel 
and Berkman (1 9 5 7 )  ( 8 6 ) ,  as was a lb u m in  a f t e r  i n i t i a l  s e p a r a t io n  
by t h e  s a l t  f r a c t i o n a t i o n  te c h n iq u e  o f  W o lfso n  e t  a l  (1 9 4 8 )  (8 7 )
h) P lasma O s m o la l i t y
Plasma o s m o l a l i t y  was e s t im a te d  by f r e e z i n g  p o i n t  d e p re s s io n  
w i t h  an Advanced Osmometer, u s in g  0 .2  ml sa m p le s .
i )  B lo o d  pH
B lood  pH was m easured  on an AVL Gas Check 937-C (S a n d o z ) .  The 
pH o f  sam p les  i n  t h e  i n  v i t r o  e x p e r im e n ts  was v a r i e d  by 
e q u i l i b r a t i n g  th e  sam ple  i n  a s to p p e re d  tu b e  w i t h  v a r y in g
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c o n c e n t r a t i o n s  o f  c a rb o n  d i o x i d e  and o x y g e n ,  
j )  Scann ing  E le c t r o n  M ic ro s c o p y
S cann ing  e l e c t r o n  m ic ro s c o p y  o f  t h e  f i l t e r s  was p e r fo rm e d  u s in g  
an I  SI M in i-S am  S cann ing  E le c t r o n  M ic ro s c o p e ,  a f t e r  t h e  f i l t e r  
had been f i x e d  i n  g l u t e r a l d e h y d e ,  d e h y d ra te d  i n  a c e to n e ,  
c r i t i c a l  p o i n t  d r i e d  and g o ld  p l a t e d  i n  a P o la ro n  SEM C o a t in g  
U n i t .  P h o to m ic ro g ra p h s  were o b ta in e d  w i t h  a P o la r o id  Camera.
k )  T e c h n ic a l  A s s is ta n c e
A l l  m easurem ents  o f  e r y t h r o c y t e  d e f o r m a b i l i t y ,  w ho le  b lo o d  and 
p lasm a v i s c o s i t y ,  p la sm a  o s m o l a l i t y ,  b lo o d  pH, h a e m a to c r i t  u s in g  
th e  H aw ks ley  M ic r o h a e m a to c r i t  and p lasm a h a p to g lo b in  and th e  
s c a n n in g  e l e c t r o n  m ic ro s c o p y  were  c a r r i e d  o u t  i n  t h e  D epa rtm en t 
o f  O b s t e t r i c s  and G ynaeco lo gy  o f  S t .  Dames's U n i v e r s i t y  H o s p i t a l  
by me. A l l  th e  o t h e r  e s t im a t i o n s  were made by th e  t e c h n i c a l  s t a f f  
o f  th e  D e p a r tm e n ts  o f  C l i n i c a l  C h e m is t ry  and H aem ato logy  i n  th e  
h o s p i t a l .
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CHAPTER 3
HAEMORHEOLOGICAL PROFILE OF THE NON-PREGNANT ADULT FEMALE 
AND THE EFFECTS OF THE ORAL CONTRACEPTIVE P IL L
S e c t io n s
i )  MENSTRUAL CYCLE VARIATIONS IN 
HAEMORHEOLOGICAL PARAMETERS
i i )  EFFECT OF THE ORAL CONTRACEPTIVE PILL 
ON HAEMORHEOLOGICAL PARAMETERS
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HAEMORHEOLOGICAL PROFILE OF THE NON-PREGNANT ADULT FEMALE 
AND THE EFFECT OF THE ORAL CONTRACEPTIVE PILL
i )  MENSTRUAL CYCLE VARIATIONS IN HAEMORHEOLOGICAL PARAMETERS 
In  common w i t h  m ost b i o l o g i c a l  m easurem ents , r h e o l o g i c a l  p a ra m e te rs  
v a ry  i n  re sp o n s e  t o  th e  p h y s i o l o g i c a l  rh y th m s  o f  t h e  b o d y .  Whole 
b lo o d  v i s c o s i t y ,  h a e m a to c r i t  and p lasm a p r o t e i n  l e v e l s  show c l e a r  
c i r c a d i a n  v a r i a t i o n s  ( 8 8 ) ,  as do o t h e r  h a s m a to lo g ic a l  p a ra m e te rs  (8 9 )
The s tu d y  r e p o r t e d  i n  t h i s  s e c t i o n  c o n c e rn s  th e  h a e m o rh e o lo g ic a l  
changes th r o u g h o u t  t h e  spon ta n e o u s  m e n s t r u a l  c y c le  i n  a s e r ie s  
o f  h e a l t h y  women.
P a t i e n t s  and M ethods
B lo o d  sam p les  were c o l l e c t e d  from  12 h e a l t h y  young women aged 
between 22 and 34 y e a r s ,  none o f  whom smoked c i g a r e t t e s  o r  
was t a k in g  any m e d ic a t io n .  B lood  sam ples were t a k e n ,  a t  th e  
same t im e  each day i n  o r d e r  t o  a v o id  any c i r c a d i a n  v a r i a t i o n  
be tween s a m p le s ,  on f o u r  o c c a s io n s  a week a p a r t .  The haemo­
r h e o l o g i c a l  m easurem ents  were by th e  m ethods d e s c r ib e d  i n  
C h a p te r  2 .
R e s u l t s
The r e s u l t s  i n  t h i s  C h a p te r  a re  p re s e n te d  f i g u r a t i v e l y  a g a in s t  
a d ia g ra m m a t ic  r e p r e s e n t a t i o n  o f  th e  o e s t r o g e n - p r o g a s te r o n e  
p r o f i l e  o f  th e  m e n s t r u a l  c y c l e .
The E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  ( F ig u r e  19) re m a in e d  s t a b le  
i n  th e  f o l l i c u l a r  phase o f  th e  c y c le  and ro s e  t o  a peak i n  th e  
m id  l u t e a l  p h ase , f a l l i n g  o f f  to w a rd s  th e  o n s e t  o f  m e n s t r u a t io n ,
Plasma f i b r i n o g e n  ( F ig u r e  20) rem a ined  s t a b l e  t h r o u g h o u t  th e  
f o l l i c u l a r  and e a r l y  l u t e a l  p h a s e s ,  r i s i n g  to  a peak j u s t  p r i o r
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t o  t h e  o n s e t  o f  m e n s t r u a t io n  and th e n  f a l l i n g  o f f  d u r in g  th e  
menses.
Plasma v i s c o s i t y  ( F ig u r e  20) f e l l  by an i n s i g n i f i c a n t  amount 
d u r in g  th e  f o l l i c u l a r  and e a r l y  l u t e a l  p h a s e s .  T h e re  was 
th e n  a s i g n i f i c a n t  r i s e  to w a rd s  th e  t im e  o f  m e n s t r u a t io n .
H a e m a to c r i t  (P acked  C e l l  Volume) ro s e  to  a peak a t  o v u l a t i o n  
and th e n  re m a in e d  r e l a t i v e l y  c o n s ta n t  u n t i l  th e  o n s e t  o f  
m e n s t r u a t io n  when i t  f e l l  s h a r p l y  ( F ig u r e  2 1 ) ,
Whole b lo o d  v i s c o s i t y  showed a s l i g h t ,  s t a t i s t i c a l l y  
i n s i g n i f i c a n t ,  peak a t  o v u l a t i o n  and th e n  a second and 
s i g n i f i c a n t  peak p r i o r  t o  th e  o n s e t  o f  m e n s t r u a t io n  w i t h  a 
sha rp  f a l l  d u r in g  th e  menses ( F ig u r e  2 1 ) .
D is c u s s io n
In  a s tu d y  on haem c a ta b o l i s m  d u r in g  th e  m e n s t r u a l  c y c l e ,  M ercke 
and Lundh (1 9 7 6 )  (9 0 )  r e p o r t e d  t h a t  e r y t h r o c y t e  f i l t e r a b i l i t y  
was s i g n i f i c a n t l y  d e p re ss e d  d u r in g  th e  l u t e a l  p h a s e ,  compared 
w i t h  t h e  f o l l i c u l a r  phase o f  t h e  c y c l e .  A l th o u g h  c o n f i r m in g  a 
d e c re a s e  i n  t h e  l u t e a l  p h a s e ,  t h e  p r e s e n t  s tu d y  s u g g e s ts  t h a t  
t h i s  i s  a r e a c t i o n  fro m  a p o s t o v u l a t o r y  r i s e  r a t h e r  th a n  a con­
t i n u a t i o n  o f  a f a l l  f ro m  h ig h e r  p r e o v u la t o r y  l e v e l s .  A l th o u g h  
b o th  s t u d i e s  e s t im a te  e r y t h r o c y t e  d e f o r m a b i l i t y  by m i c r o f i l t r a t i o n ,  
M ercke and Lundh (1 9 7 6 )  (9 0 )  used e r y t h r o c y t e s  washed and suspended 
i n  a r t i f i c i a l  medium, w hereas i n  t h e  p r e s e n t  s t u d y ,  d e f o r m a b i l i t y  
was m easured w i t h  e r y t h r o c y t e s  suspended i n  t h e i r  n a t i v e  p la s m a .
The p lasm a  c o n s t i t u e n t s  e x e r t  a c o n s id e r a b le  e f f e c t  on e r y t h r o c y t e  
d e f o r m a b i l i t y  ( 9 1 ) ,  as i s  shown i n  C h a p te r  5 ,  s e c t i o n  i ,  and t h i s  
may e x p la in  th e  d i f f e r e n c e  i n  t h e  two s t u d i e s .
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12-16 18-21 26-28  
Days of Menstrual Cycle
F i g u r e  19 E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  D u r in g  t h e  Normal
M e n s t r u a l  C y c le  A g a i n s t  a D ia g r a m m a t ic  Background































1-7 12-16 18-21 26-28
Days of Menstrual Cycle
F i g u r e  20 Plasma F i b r i n o g e n  L e v e l  and Plasma V i s c o s i t y  D u r i n g
th e  Normal  M e n s t r u a l  C yc le  A g a i n s t  a D i a g r a m m a t i c
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OESTRADIOL 
PROGESTERONE
12-16  18-21 2 6 -2 8  
Days of Menstrual Cycle
F ig u r e  21 H a e m a to c r i t  (P acked  C e l l  Volume) and Whole B lo o d  V i s c o s i t y  
D u r in g  th e  Norm al M e n s t ru a l  C y c le  A g a in s t  a D ia g ra m m a t ic  
Backg round  o f  th e  Hormone P r o f i l e  o f  th e  N orm al C yc le
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and a s econda ry  r i s e  p r i o r  t o  m e n s t r u a t io n ,  has been r e p o r t e d  
by some ( 9 2 ) ,  b u t  t h i s  f i n d i n g  has n o t  been c o n f i r m e d  by o th e r s  
( 9 3 , 9 4 ) ,  The t r e n d  i n  t h e  p r e s e n t  s tu d y  was i n  ag reem en t w i t h  
t h a t  d e s c r ib e d  by Howie e t  e l  ( '1970) ( 9 3 ) ,  a l th o u g h  t h e i r  p re ­
m e n s t ru a l  r i s e  f a i l e d  to  re a c h  s t a t i s t i c a l  s i g n i f i c a n c e .  O th e r  
i n d i v i d u a l  c o a g u la t i o n  f a c t o r s  do n o t  appea r t o  v a ry  w i t h  th e  
m e n s t r u a l  c y c le  ( 9 3 , 9 4 , 9 5 ) ,
The re  i s  no p u b l i s h e d  s tu d y  o f  p lasm a  v i s c o s i t y  t h r o u g h o u t  t h e  
m e n s t ru a l  c y c l e ,  so th e s e  f i n d i n g s  r e q u i r e  c o n f i r m a t i o n ,  h ow eve r ,  
th e  t r e n d  i n  p lasm a  v i s c o s i t y  does f o l l o w  th e  g e n e r a l  t r e n d  o f  
th e  p lasm a  f i b r i n o g e n ,  i t s  m ain  d e te r m in a n t ,  i n  th e  p r e m e n s t ru a l  
r i s e ,  b u t  does n o t  show th e  p o s tm e n s t r u a l  d e c l i n e  i n  p lasm a 
f i b r i n o g e n .  The f a c t o r s  r e s p o n s ib le  f o r  th e  m a in te n a n c e  o f  t h e  
p lasm a v i s c o s i t y  i n  th e  p o s tm e n s t r u a l  phase i s  n o t  known.
T he re  i s  ag reem en t i n  th e  l i t e r a t u r e  t h a t  h a e m a to c r i t  f a l l s  d u r in g  
m e n s t r u a t io n  and th e n  r i s e s  t o  a peak a f t e r  o v u l a t i o n  ( 9 6 , 9 7 ) ,
The v a r i a t i o n s  i n  h a e m a to c r i t  a re  m i r r o r e d  by t h e  w h o le  b lo o d  
v i s c o s i t y •
The two o t h e r  p u b l i s h e d  s t u d i e s  o f  w h o le  b lo o d  v i s c o s i t y  i n  th e  
m e n s t r u a l  c y c l e ,  b o th  by D in t e n f a s s  ( 9 8 , 9 9 ) ,  d e s c r ib e d  a p re ­
m e n s t ru a l  r i s e  w h ic h  was r e v e r s e d  d u r in g  m e n s t r u a t io n  w i t h  l i t t l e  
su b se q u e n t  change , s i m i l a r  t o  t h e  p r e s e n t  s t u d y .  The t r e n d  i n  
w h o le  b lo o d  v i s c o s i t y  m a tches  t h a t  o f  b o th  p lasm a f i b r i n o g e n  and 
h a e m a t o c r i t ,  w h ich  a re  th e  two main d e te r m in a n ts  o f  w h o le  b lo o d  
v i s c o s i t y  ( 9 ) ,  and r e c i p r o c a t e s  th e  changes i n  e r y t h r o c y t e  
d e f o r m a b i l i t y  w i t h  th e  lo w e s t  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  
c o i n c i d i n g  w i t h  t h e  h ig h e s t  w h o le  b lo o d  v i s c o s i t y ,
i i )  EFFECT OF THE ORAL CONTRACEPTIVE PILL ON HAEMORHEOLOGICAL
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PARAMETERS
Because o f  th e  s t r o n g  c o n n e c t io n  between a r t e r i o - v e n o u s  th rom bo­
em bo lism  and o r a l  c o n t r a c e p t i o n  ( 1 0 0 ) ,  much i n t e r e s t  has been 
fo c u s s e d  on th e  a l t e r a t i o n s  i n  r h e o l o g i c a l  p a ra m e te rs  caused 
by ho rm ona l o v u l a t i o n  s u p p re s s io n  ( 4 7 , 4 8 , 1 0 1 - 1 0 3 ) .  I n  v e ry  few 
s t u d ie s  has any a t t e n t i o n  been p a id  t o  t h e  p h y s i o l o g i c a l  back­
g round  a g a in s t  w h ic h  o r a l  c o n t r a c e p t i v e s  e x e r t  t h e i r  e f f e c t  
and i n  th e  f o l l o w i n g  s t u d ie s  co m p a r iso n  w i l l  be made w i t h  th e  
changes i n  th e  n o rm a l o v u la t o r y  m e n s t ru a l  c y c le  d e s c r ib e d  i n  
th e  p r e v io u s  s e c t i o n .
P a t i e n t s  and M ethods
Two g ro u p s  o f  h e a l t h y  women aged between 2 2  and 34 ,  none o f
whom smoked c i g a r e t t e s  o r  to o k  m e d ic a t io n  o t h e r  th a n  an o r a l
c o n t r a c e p t i v e  p r e p a r a t i o n  c o n t a i n i n g  30 ^ g  e t h i n y l o e s t r a d i o l
and 250 pg n o r g e s t r e l .  A l l  s u b je c t s  had been t a k i n g  t h i s
p r e p a r a t i o n  f o r  a t  l e a s t  s i x  m onths p r i o r  t o  th e  s t u d y .  The
f i r s t  g roup  o f  e i g h t  s u b je c t s  do n a te d  b lo o d  a t  th e  same t im e  o f
day on f o u r  o c c a s io n s  a week a p a r t  d u r in g  t h e i r  c y c l e .  The
second g roup  o f  30 v o lu n t e e r s  d o n a te d  one b lo o d  sam ple  between
th e  s e v e n th  and t w e n t y - f i r s t  day o f  t h e i r  c y c l e .  A l l  h a e m o rh e o lo g ic a l
m easurem ents  were made as d e s c r ib e d  i n  C h a p te r  2 ,
R e s u l t s
The r e s u l t s  i n  t h i s  s e c t i o n  a re  p o r t r a y e d  g r a p h i c a l l y  i n  
F ig u r e s  2 2 -2 4  a g a in s t  a d ia g ra m m a t ic  r e p r e s e n t a t i o n  o f  th e  
o e s t r o g e n - p r o g e s ta g e n  p r o f i l e  o f  th e  ’ P i l l  c y c l e ' .
E r y t h r o c y t e  d e f o r m a b i l i t y  ( F ig u r e  22) f e l l  o v e r  t h e  f i r s t  few days 
o f  c o n t r a c e p t i v e  s t e r o i d  t h e r a p y  and th e n  ro s e  t o  a peak a t  th e  
o n s e t  o f  m e n s t r u a t io n .
Plasma f i b r i n o g e n  rem a ined  s t a b l e  t h r o u g h o u t  th e  p e r i o d  on
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t r e a t m e n t  and th e n  f e l l  by a s m a l l  b u t  s i g n i f i c a n t  amount d u r in g  
th e  t im e  o f f  th e r a p y  ( F ig u r e  2 3 ) .
P lasma v i s c o s i t y  m i r r o r e d  th e  changes i n  f i b r i n o g e n  b u t  none o f  
th e  v a r i a t i o n s  were s t a t i s t i c a l l y  s i g n i f i c a n t  ( F ig u r e  2 3 ) .
H a e m a to c r i t  (P acked  C e l l  Volum e) d id  n o t  a l t e r  s i g n i f i c a n t l y  
t h r o u g h o u t  th e  o v u l a t i o n  su p p re s s e d  c y c le s  ( F ig u r e  2 4 ) ,  n o r  d id  
th e  w ho le  b lo o d  v i s c o s i t y  ( F i g u r e  2 4 ) .
I n  th e  c r o s s - s e c t i o n a l  s t u d y ,  co m p a r iso n  i s  made i n  T a b le  2 
between th e  30 c o n t r a c e p t i v e  p i l l  'U s e r s '  and th e  d i f f e r e n t  s ta g e s  
o f  t h e  m e n s t r u a l  c y c le  i n  t h e  'N o n - u s e r s ' .
The l e v e l  o f  e r y t h r o c y t e  d e f o r m a b i l i t y  fo u n d  i n  t h e  p i l l  
'U s e r s '  was s i g n i f i c a n t l y  lo w e r  th a n  th e  l u t e a l  phase peak 
n o te d  i n  t h e  n o rm a l m e n s t r u a l  c y c l e ,  b u t  was n o t  d i f f e r e n t  from  
th e  l e v e l s  a t  o t h e r  s t a g e s .
Plasma f i b r i n o g e n  was s i g n i f i c a n t l y  h ig h e r  i n  p i l l  'U s e r s '  than  
a t  each s ta g e  o f  th e  n o rm a l m e n s t r u a l  c y c le  e x c e p t  th e  p r e m e n s t ru a l  
phase when th e  l e v e l s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .
P lasma v i s c o s i t y  was s i g n i f i c a n t l y  e le v a te d  i n  'U s e r s '  when compared 
w i t h  th e  p r e -  and p o s t o v u l a t o r y  phases o f  t h e  n o rm a l c y c l e .  A t b o th  
th e  p r e -  and p o s tm e n s t r u a l  phases  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
i n  p i l l  ' U s e r s ' ,
The h a e m a t o c r i t  was s i g n i f i c a n t l y  h ig h e r  i n  p i l l  'U s e r s '  th a n  i n  th e  
no rm a l c y c le  a t  e v e ry  s ta g e  exam ined .
The w h o le  b lo o d  v i s c o s i t y  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  when compared 
w i t h  th e  o v u l a t o r y  o r  p r e m e n s t r u a l  s ta g e s ,  b u t  was s i g n i f i c a n t l y  e l e ­
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Days of Pill' Cycle
F i g u r e  23 Plasma F i b r i n o g e n  L e v e l  and Plasma V i s c o s i t y  D u r i n g  th e
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F i g u r e  24 H a e m a t o c r i t  (Packed  C e l l  Vo lume) and Whole B lo od  V i s c o s i t y
D u r i n g  th e  C o n t r a c e p t i v e  P i l l  C y c le  A g a i n s t  a D ia g ra m m a t i c
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D is c u s s io n
E r y t h r o c y t e  d e f o r m a b i l i t y  has been r e p o r t e d  as b e in g  re d u c e d  
i n  o r a l  c o n t r a c e p t i v e  u s e r s  ( 1 0 4 ) ,  a l th o u g h  two o t h e r  s t u d ie s  
found  no change ( 1 0 2 , 1 0 5 ) .  The p r e s e n t  s tu d y  fo u n d  e r y t h r o c y t e  
d e f o r m a b i l i t y  t o  be re d u c e d  i n  p i l l  u s e rs  when compared w i t h  
th e  l u t e a l  phase o f  t h e  sp o n ta n e o u s  c y c l e ,  b u t  i n  t h e  s e r i a l  s tu d y  
o f  p i l l  u s e r s  ( F i g u r e  2 2 ) ,  i t  i s  seen t h a t  th e  e r y t h r o c y t e  
d e f o r m a b i l i t y  f a l l s  d u r in g  th e  f i r s t  te n  days on th e r a p y  and 
th e n  re m a in s  s t a b l e  u n t i l  t h e  c o n t r a c e p t i v e  th e r a p y  i s  s to p p e d  
when i t  r i s e s  t o  a peak p r i o r  t o  th e  o n s e t  o f  m e n s t r u a t i o n .  T h is  
i s ,  t h e r e f o r e ,  i n  ag reem en t w i t h  th e  work o f  O sk i  e t  a l  (19 7 2 )
(104 )  and th e  re a s o n s  f o r  t h e  c o n t e n t io n  i n  th e  o t h e r  s t u d ie s  
( 1 0 2 ,1 0 5 )  may be due to  i r r e g u l a r i t i e s  i n  sam ple  t i m i n g  i n  
c o n t r o l s .
S e v e ra l  g ro u p s  have r e p o r t e d  an e l e v a t i o n  o f  p lasm a f i b r i n o g e n  
l e v e l s  a s s o c ia te d  w i t h  o r a l  c o n t r a c e p t i v e s  ( 1 0 6 ,1 0 7 ,1 0 8 )  and a 
s i m i l a r  e f f e c t  i s  a p p a re n t  i n  t h e  p r e s e n t  s tu d y  when compared 
w i t h  a l l  s ta g e s  o f  th e  n o rm a l c y c l e ,  e x c e p t  t h e  im m e d ia te ly  p r e ­
m e n s t ru a l  s t a g e .  Low o e s t ro g e n  p r e p a r a t i o n s  (3 0  ^ g  e t h i n y l o e s t r a d i o l )  
a re  r e p o r t e d  as h a v in g  l e s s  e f f e c t  o f  c l o t t i n g  f a c t o r s  th a n  h ig h e r  
doses ( 1 0 9 ) .  P ro g e s ta g e n  o n ly  p r e p a r a t i o n s  have been t h o u g h t  by 
some t o  have l i t t l e  o r  no e f f e c t  on b lo o d  c l o t t i n g  f a c t o r s  ( 1 1 0 ) ,  
b u t  o t h e r s  (1 0 9 )  have su g g e s te d  t h a t  when com bined w i t h  o e s t r o g e n ,  
p ro g e s ta g e n s  may cause  some p o t e n t i a t i o n  o f  t h e  o e s t r o g e n  e f f e c t .
I n  th e  m e n s t r u a l  s t u d y .  F ig u r e  2 0 ,  th e  p lasm a f i b r i n o g e n  o n ly  ro se  
i n  th e  l u t e a l  phase w i t h  th e  i n t r o d u c t i o n  o f  p r o g e s te r o n e ,  th u s  
g i v i n g  s u p p o r t  t o  t h i s  l a t t e r  s u g g e s t io n .
O ra l  c o n t r a c e p t i v e s  a b o l i s h e d  th e  m e n s t r u a l  v a r i a t i o n  i n  p lasm a 
v i s c o s i t y  and r a i s e d  th e  a b s o lu te  l e v e l  i n  p i l l  u s e rs  when
75
Compared w i t h  th e  p r e -  and p o s t o v u la t o r y  s ta g e s .  T h is  i s  due to  
th e  e le v a te d  p lasm a  f i b r i n o g e n  a t  th e s e  s ta g e s .  Two o t h e r  
s t u d ie s  ( 1 0 2 ,1 0 3 )  o f  p lasm a v i s c o s i t y  d u r in g  o r a l  c o n t r a c e p t i o n  
found  no change , a l th o u g h  no d e t a i l s  o f  c o n t r o l  sam ple  t im in g  
were g i v e n .
H a e m a to c r i t  showed no v a r i a t i o n  d u r in g  th e  p i l l  c y c le  and th e  
l e v e l  i n  c o n t r a c e p t i v e  u s e rs  was h ig h e r  th a n  a t  a l l  s ta g e s  o f  th e  
n o rm a l c y c l e ,  i n  ag reem en t w i t h  o t h e r  s t u d ie s  ( 1 0 1 , 1 0 3 ) .  T h is  
e le v a t i o n  o f  h a e m a to c r i t  i n  o r a l  c o n t r a c e p t i v e  u s e r s  i s  due to  
b o th  a re d u c e d  m e n s t r u a l  l o s s  and a s t i m u l a t o r y  e f f e c t  on haemo­
p o i e s i s ,  as i s  seen i n  th e  sp o n ta n e o u s  m e n s t r u a l  c y c le  i n  th e  
l u t e a l  phase  ( F ig u r e  21) and i n  p re g n a n c y .
The com bined a c t i o n  o f  th e  e le v a te d  h a e m a t o c r i t ,  f i b r i n o g e n  and 
p lasm a v i s c o s i t y  com bined  w i t h  t h e  re d u c e d  e r y t h r o c y t e  d e f o r m a b i l i t y  
r e s u l t s  i n  th e  e l e v a t i o n  o f  th e  w ho le  b lo o d  v i s c o s i t y  i n  c o n t r a ­
c e p t i v e  u s e r s .  O th e r  w o rk e rs  ( 1 0 1 ,1 0 2 ,1 0 3 )  have r e p o r t e d  t h i s  
in c r e a s e d  w h o le  b lo o d  v i s c o s i t y  and r e l a t e d  i t  t o  an in c r e a s e d  
i n c id e n c e  o f  venous th ro m b o s is  i n  o r a l  c o n t r a c e p t i v e  u s e r s .
C e r t a i n l y  h y p e r v i s c o s i t y  p r e d is p o s e s  t o  p o s t o p e r a t i v e  th rom bo­
em bolism  ( 4 5 ,4 6 )  and c i g a r e t t e  s m o k in g ,  w h ic h  in c r e a s e s  th e  r i s k  
o f  th ro m b o -e m b o l is m  i n  o r a l  c o n t r a c e p t i v e  u s e rs  a l s o  in c r e a s e s  
h a e m a to c r i t  and o t h e r  v i s c o s i t y  f a c t o r s  ( 1 1 1 , 1 1 2 ) .
I t  i s  i n t e r e s t i n g  t o  n o te ,  how eve r ,  t h a t  w i t h  th e  e x c e p t io n  o f  
h a e m a t o c r i t ,  none o f  t h e  h a e m o rh e o lo g ic a l  f a c t o r s  exam ined i n  
t h i s  s tu d y  were e le v a te d  o u t  w i t h  th e  ra n g e  fo u n d  i n  th e  n o rm a l 
m e n s t r u a l  c y c l e .  The most s t r i k i n g  e f f e c t  o f  o r a l  c o n t r a c e p t i v e s  
i s  t h e  a b o l i t i o n  o f  th e  n o rm a l m e n s t ru a l  v a r i a b i l i t y  and t h i s  
l o s s  o f  v a r i a t i o n  may be im p o r t a n t  i n  th e  a e t i o l o g y  o f  th rom bo ­
em bolism  .
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CHAPTER 4
THE HAEMORHEOLOGICAL PROFILE OF NORMAL PREGNANCY
S e c t io n s
i )  INTRODUCTION
i i )  SERIAL STUDY THROUGHOUT PREGNANCY
i i i )  COMPARISON OF PRIMIGRAVIDAE AND MULTIPARAE 
i v )  DISCUSSION
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HAEMORHEOLOGICAL PROFILE OF NORMAL PREGNANCY
i )  INTRODUCTION
P regnancy  p r e s e n ts  a u n iq u e  c h a l le n g e  t o  m a te r n a l  c a r d io v a s c u la r
p h y s io lo g y  and th e  changes w h ich  ta k e  p la c e  d u r in g  p re g n a n c y  a re
among th e  m ost e x tre m e  a l t e r a t i o n s  o c c u r r i n g  i n  n o n - p a t h o l o g i c a l
s t a t e s *  N o t o n ly  i s  th e  b lo o d  f l o w  t o  many, i f  n o t  a l l ,  m a te r n a l
o rg a n s  in c r e a s e d ,  b u t  a v i r t u a l l y  new v a s c u la r  bed i s  d e ve lo p e d
w h ich  demands, o v e r  an e x te n d e d  p e r i o d ,  up t o  15 p e r  c e n t  o f  th e
c a r d ia c  o u t p u t .  I n  th e  n o n -p re g n a n t  s t a t e  th e  u t e r i n e  b lo o d  f l o w
i s  i n  th e  o r d e r  o f  20 ml p e r  m in u te  ( 1 1 3 ) .  The p r e g n a n t  u t e r u s
a t  te rm  has a b lo o d  f l o w  o f  between 500 and 750 m l p e r  m in u te  ( 1 1 3 ) ,
To cope w i t h  t h e  in c r e a s e d  demands o f  p re g n a n c y  th e  c a r d ia c  o u t p u t
r i s e s  f ro m  th e  n o n -p re g n a n t  l e v e l  o f  a round  f i v e  l i t r e s  p e r  m in u te
t o  be tw een 6 , 1  and 6 , 8  l i t r e s  a m in u te  by 1 2  w eeks , t h i s  l e v e l
b e in g  m a in ta in e d  u n t i l  te rm  ( 1 1 4 ,1 1 5 )  and th e  b lo o d  vo lum e  in c r e a s e s
by 30 p e r  c e n t  above n o n -p re g n a n t  l e v e l s  ( 1 1 6 ) .  T h is  r i s e  i n  c a r d ia c
o u t p u t  m ig h t  be e x p e c te d  to  le a d  t o  an in c r e a s e  i n  mean a r t e r i a l
p r e s s u r e  b u t ,  i n  f a c t ,  th e  mean a r t e r i a l  p r e s s u r e  f a l l s  i n  th e  f i r s t
t r i m e s t e r  o f  p re g n a n cy  be low  n o n - p r e g n a n t  l e v e l s  and th e n  i t  r i s e s
i n  th e  t h i r d  t r i m e s t e r  to w a rd s  te rm  ( 1 1 7 ,1 1 8 ) .  T h is  f a l l  i n  mean
a r t e r i a l  p r e s s u r e  i n  t h e  fa c e  o f  in c r e a s e d  c a r d ia c  o u t p u t  i n d i c a t e s
a s i g n i f i c a n t  f a l l  i n  th e  t o t a l  p e r i p h e r a l  r e s i s t a n c e .  Bader e t  a l
(1 9 5 5 )  (1 1 9 )  showed, i n  c a t h e t e r i s a t i o n  s t u d i e s ,  t h a t  t h e  t o t a l
- 5p e r i p h e r a l  r e s i s t a n c e  was 1 ,2 5 0  dyne sec cm i n  th e  n o n -p re g n a n t
- 5
s t a t e  and t h i s  f e l l  t o  986 dyne sec cm by 14 t o  24 weeks and th e n  
ro s e  p r o g r e s s i v e l y  to w a rd s  a n o rm a l n o n -p re g n a n t  f i g u r e  o f  1 ,250  dyne 
SBC cm ^ a t  te r m .  These f i n d i n g s  have been c o n f i r m e d  by o t h e r  
w o rk e rs  ( 1 1 4 ) ,
As was e x p la in e d  i n  th e  s e c t i o n  i n  C hap te r  1 d e a l i n g  w i t h  th e  c o n t r o l
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o f  th e  p e r i p h e r a l  c i r c u l a t i o n ,  t h e  p e r i p h e r a l  r e s i s t a n c e  i n  
p regnan cy  can be lo w e re d  i n  two w ays . F i r s t l y ,  t h e r e  i s  c l e a r  
e v id e n c e  o f  v a s c u la r  d i l a t a t i o n  i n  a r t e r i o l e s  and c a p i l l a r i e s  
( 4 ,1 2 0 ,1 2 1 )  and i n  t h e  venous s id e  o f  t h e  c i r c u l a t i o n  ( 5 , 1 2 2 ) ,
These changes a re  p r e s e n t  by 12 weeks and a re  m a in ta in e d  u n t i l  
t e rm ,  r e t u r n i n g  q u i c k l y  t o  n o n -p re g n a n t  l e v e l s  i n  th e  p u e rp e r iu m .  
S e c o n d ly ,  p e r i p h e r a l  r e s i s t a n c e  may be lo w e re d  by r e d u c t i o n  i n  
w ho le  b lo o d  v i s c o s i t y  and o t h e r  h a e m o r h e o lo g ic a l  p a ra m e te rs  
( 2 , 3 , 3 2 ) ,  The f o l l o w i n g  s tu d y  d e a ls  w i t h  th e s e  changes i n  haemo­
r h e o l o g i c a l  p a ra m e te rs  and r e v ie w s  th e  r e l e v a n t  l i t e r a t u r e .
i i )  SERIAL STUDY THROUGHOUT NORMAL PREGNANCY 
P a t i e n t s  and M ethods
F i f t y  p a t i e n t s  were s e le c t e d  a t  th e  a n t e n a t a l  b o o k in g  c l i n i c .  A l l  
were l e s s  th a n  12 weeks p r e g n a n t ,  30 were p r im i g r a v i d a e  and 20 
were m u l t i g r a v i d a e ,  none had any s i g n i f i c a n t  i l l n e s s  o r  to o k  any 
r e g u la r  m e d ic a t i o n .  B lood  was ta k e n  a t  m o n th ly  i n t e r v a l s  u n t i l  
28 weeks and th e n  f o r t n i g h t l y  u n t i l  d e l i v e r y .  P a t i e n t s  were n o t  
g iv e n  h a e m a t in ic s  u n le s s  t h e i r  h a e m o g lo b in  c o n c e n t r a t i o n  f e l l  be low  
1 1 .5  g p e r  l i t r e ,  when th e y  were g iv e n  f e r r o u s  s u lp h a te  400 mg 
tw ic e  d a i l y  and f o l i c  a c id  5 mg d a i l y .  A l l  b lo o d  sam p les  were 
c o l l e c t e d  be tw een 9 and 11 a .m . a t  th e  p a t i e n t ' s  r o u t i n e  c l i n i c  
a t t e n d a n c e .  A l l  th e  h a e m o r h e o lo g ic a l  m easurem ents were made i n  th e  
manner d e s c r ib e d  i n  C h a p te r  2 .
R e s u l t s
One o f  th e  d i f f i c u l t i e s  b e s e t t i n g  o b s t e t r i c  re s e a rc h  i s  t h a t  th e  
p a t i e n t  i s  r a r e l y  a v a i l a b l e  f o r  m easurem ent b e fo r e  she becomes 
p re g n a n t  and so n o n - p r e g n a n t  l e v e l s  a re  n o t  a v a i l a b l e .  In  th e  
p regnan cy  s t u d ie s  r e p o r t e d  h e r e ,  th e  m easurem ents made a t  s i x  
weeks p o s t  p a r tu m  a re  ta k e n  as t h e  n o n -p re g n a n t  c o n t r o l  l e v e l s .
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a l th o u g h  i t  i s  r e a l i s e d  t h a t  th e s e  may n o t  c o r re s p o n d  e x a c t l y  t o  
t h e  p re -p re g n a n c y  l e v e l s .  The l e v e l s  o f  a l l  t h e  p a ra m e te rs  measured 
a re  shown i n  T a b le  3 .  The s t a t i s t i c a l  c o m p a r iso n s  a re  between th e  
l e v e l  m e n t io n e d  and th e  *n o n ~ p re g n a n t * l e v e l .
H a e m a to c r i t  had f a l l e n  s i g n i f i c a n t l y  by 12 weeks ( p < f D.Ü5) and 
c o n t in u e d  t o  do s o ,  r e a c h in g  i t s  n a d i r  a t  30 weeks (p C ^ O .O O l) ,  
f o l l o w i n g  w h ic h  i t  ro s e  s l i g h t l y ,  r e m a in in g  s i g n i f i c a n t l y  be low  th e  
'n o n - p r e g n a n t '  v a lu e  a t  te rm  (p<^ 0 . 0 0 1 ) .
P lasma f i b r i n o g e n  showed a s te a d y  r i s e  d u r in g  p re g n a n c y ,  w i t h  th e  
l e v e l  a t  1 2  weeks a l r e a d y  s i g n i f i c a n t l y  e le v a te d  ( p < ^ 0 . 0 0 1 ) and 
r e a c h in g  i t s  z e n i t h  a t  36 weeks and th e n  f a l l i n g  i n s i g n i f i c a n t l y  
to w a rd s  te rm .
T o t a l  serum p r o t e i n  was n o t  s i g n i f i c a n t l y  lo w e re d  by 12 weeks, b u t  
was so by 16 weeks ( p ^ O . 0 5 )  and i n c r e a s i n g l y  so u n t i l  te rm  ( p \  0 , 0 0 1 ) ,
P lasm a v i s c o s i t y  was s i g n i f i c a n t l y  e le v a te d  by 12 weeks ( p ^ 0 . 0 0 1 ) ,  b u t  
th e n  t h e r e  was a t r e n d  o f  d e c l i n e  th r o u g h o u t  p re g n a n cy  w i t h  th e  te rm  
l e v e l  s t a y in g  o n ly  j u s t  s i g n i f i c a n t l y  above th e  'n o n - p r e g n a n t '  l e v e l  
(p  <  0 . 0 5 ) .
Whole b lo o d  v i s c o s i t y  was n o t  s i g n i f i c a n t l y  lo w e re d  u n t i l  24 weeks 
(p  < ^ 0 .0 0 1 ) .  I t  re m a ined  s i g n i f i c a n t l y  lo w e r  th a n  th e  'n o n - p r e g n a n t '  
l e v e l  u n t i l  36 weeks when i t  ro s e  to w a rd s  n o n - p r e g n a n t  l e v e l s  and 
re m a in e d  t h e r e  u n t i l  te rm .
E r y t h r o c y t e  d e f o r m a b i l i t y  was j u s t  s i g n i f i c a n t l y  r a i s e d  by 12 
weeks (p < ^ D .0 5 )  b u t  by 16 weeks i t  was i n c r e a s i n g l y  r a i s e d  ( p ^ 0 . 0 0 1 ) ,  
t h i s  t r e n d  c o n t i n u i n g  u n t i l  32 weeks ( p ^  0 . 0 0 1 ) ,  f o l l o w i n g  w h ich  
t h e r e  was a s l i g h t  d e c l i n e  i n  d e f o r m a b i l i t y ,  w i t h  th e  l e v e l  a t  te rm  
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i i i )  c om pariso n  OF PRIMIGRAVIDAE AND MULTIGRAVIDAE
The r e s u l t s  i n  th e s e  two g ro u p s  have been s e p a ra te d  and a re  shown i n  
T a b le s  4 and 5 r e s p e c t i v e l y .  T h e re  were no s t r i k i n g ,  and few s t a t ­
i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be tw een th e  two g ro u p s .  Some p o i n t s ,  
how eve r,  a re  w o r th y  o f  m e n t io n .  In  t h e  f i r s t  h a l f  o f  p re g n a n c y  th e  
p lasm a f i b r i n o g e n  was lo w e r  i n  m u l t i p a r o ü s  p a t i e n t s ,  b u t  i n  th e  second 
h a l f  i t  was h ig h e r  i n  m u l t i p a r a ,  s u g g e s t in g  a g r e a t e r  i n c r e a s e  i n  
f i b r i n o g e n  p r o d u c t i o n  i n  m u l t i g r a v i d a e  as p regnan cy  a d v a n c e s .  The 
t o t a l  serum p r o t e i n  was g e n e r a l l y  lo w e r  i n  m u l t i g r a v i d  s u b je c t s  and 
t h i s  was r e f l e c t e d  i n  a somewhat lo w e r  p lasm a v i s c o s i t y  i n  p a ro u s  
p a t i e n t s .  From 36 weeks o n w a rd s ,  p a ro u s  p a t i e n t s  had a h ig h e r  w ho le  
b lo o d  v i s c o s i t y  and p a s t  te rm  t h i s  in c r e a s e  i n  w ho le  b lo o d  v i s c o s i t y  
was even more m arked i n  m u l t i g r a v i d a e ,  r e a c h in g  s t a t i s t i c a l  s i g n i f i c a n c e  
a t  41 weeks (p  0 . 0 5 ) ,  N e i t h e r  h a e m a to c r i t  n o r  E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x  were d i f f e r e n t  i n  th e  two g ro u p s .
i v )  DISCUSSION
The ' p h y s i o l o g i c a l  ana e m ia ' o f  p re g n a n c y  has been r e p o r t e d  i n  
many s t u d ie s  (1 2 3 -1 2 6 )  and a p p e a rs  i n  t h i s  s tu d y  as a s te a d y  d e c l i n e  
i n  h a e m a to c r i t  ( T a b le  6 ) ,  T h is  s tu d y  a l s o  c o n f i r m s  th e  f i n d i n g  i n  
some s t u d ie s  (1 2 3 -1 2 6 )  t h a t  t h e  h a e m a to c r i t  r i s e s  to w a rd s  te rm .
There  i s  g e n e r a l  ag reem en t i n  th e  l i t e r a t u r e  (T a b le  7 )  ( 1 2 7 - 1 3 0 ) ,  t h a t  
p lasm a f i b r i n o g e n  l e v e l s  in c r e a s e  d u r in g  p regnan cy  and the p r e s e n t  
s tu d y  c o n f i r m s  t h i s .  The in c r e a s e d  f i b r i n o g e n  p r o d u c t io n  i n  p a ro u s  
p a t i e n t s  seen i n  t h i s  s tu d y  has n o t  been p r e v i o u s l y  re c o r d e d  and i t s  
s i g n i f i c a n c e  i s  n o t  c l e a r .
D e s p i t e  a v a r i e t y  o f  d i f f e r e n t  m e t h o d o l o g i e s ,  t h e  p u b l i s h e d  p a p e rs  on
t o t a l  serum p r o t e i n  a r e  i n  b r o a d  a c c o r d  w i t h  t h e  p r e s e n t  s t u d y  ( T a b l e  8)
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serum p r o t e i n  l e v e l  t h r o u g h o u t  p re g n a n c y  i s  i n  k e e p in g  w i t h  th e  
o b s e r v a t io n  t h a t  m u l t i g r a v i d  p a t i e n t s  expand t h e i r  b lo o d  volume 
s i g n i f i c a n t l y  more d u r in g  p re g n a n cy  th a n  do p r i m i g r a v i d  p a t i e n t s  
( 1 3 4 ) ,
The two s t u d ie s  on p lasm a v i s c o s i t y  i n  p re g n a n cy  ( T a b le  9) (1 3 5 ,
136) p r e s e n t  c o n t r a d i c t o r y  d a ta ,  H a m i l to n  (1 9 5 0 )  ( 1 3 5 ) ,  u s in g  an 
G s tw a ld  v i s c o m e te r ,  fo u n d  p lasm a  v i s c o s i t y  c o n s i s t e n t l y  reduced  
d u r in g  p re g n a n c y ,  i n  c o n t r a s t  t o  Eastham (1 9 6 4 )  ( 1 3 6 ) ,  whose 
m easurem ents w i t h  a H a rkness  v is c o m e te r  s u g g e s te d  an i n c r e a s e .  The 
p r e s e n t  s tu d y  i s  i n  ag reem en t w i t h  th e  l a t t e r  s t u d y .  The p lasm a 
v i s c o s i t y  r e p r e s e n t s  a b a la n c e  be tween th e  r i s i n g  f i b r i n o g e n  and 
th e  f a l l i n g  t o t a l  serum p r o t e i n .
The l i t e r a t u r e  i s  c o n fu s e d  as r e g a rd s  th e  e f f e c t  o f  p re g n a n c y  on (1 0 5 )  
e r y t h r o c y t e  d e f o r m a b i l i t y ,  f o r  t h e r e  a re  r e p o r t s  o f  b o th  a dec re a se  
and no change (1 3 7 )  and i n  t h e  p r e s e n t  s tu d y  an i n c r e a s e  i n  d e f o r m a b i l i t y  
i n  p re g n a n cy  was fo u n d .  A l l  t h e s e  i n v e s t i g a t o r s  used m i c r o f i l t r a t i o n  
te c h n iq u e s  f o r  d e f o r m a b i l i t y  m easurem ent, b u t  b o th  th e  o t h e r  s t u d ie s  
used washed e r y t h r o c y t e s  i n  a r t i f i c i a l  m e d ia ,  th u s  re m o v in g  th e  
p h y s i o l o g i c a l  a c t i o n  o f  f i b r i n o g e n  ( 9 1 ) ,  w h ich  m a rk e d ly  in c r e a s e s  
e r y t h r o c y t e  d e f o r m a b i l i t y ,  and t h i s  may a c c o u n t  f o r  t h e  in c r e a s e d  
d e f o r m a b i l i t y  fo u n d  i n  th e  p r e s e n t  s tu d y  when e r y t h r o c y t e s  were 
measured i n  t h e i r  n a t i v e ,  f i b r i n o g e n  r i c h  p la sm a .
The l i t e r a t u r e  w i t h  r e g a r d  t o  w ho le  b lo o d  v i s c o s i t y  r e q u i r e s  c a r e f u l  
a t t e n t i o n  to  t h e  m ethods o f  m easurem ent and th e  c a l c u l a t i o n s  by w h ich  
v i s c o s i t y  i s  d e r i v e d .  By and l a r g e  th e  B r i t i s h  and A m er ican  w o rk e rs  
have r e p o r t e d  s t r a i g h t f o r w a r d  w ho le  b lo o d  v i s c o s i t y  measurem ents 
as i n  th e  p r e s e n t  s t u d y ,  whereas th e  German i n v e s t i g a t o r s  (1 3 9 ,1 4 0 )  
r e p o r t  e i t h e r  ' r e l a t i v e  v i s c o s i t y ’ , i . e .  th e  r a t i o  o f  w ho le  b lo o d  to  
p lasm a v i s c o s i t y ,  o r  w ho le  b lo o d  v i s c o s i t y  c o r r e c t e d  t o  a s ta n d a rd
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h a e m a t o c r i t .  I n  th e  p r e s e n t  s tu d y  th e  p lasm a v i s c o s i t y ,  as w e l l  as 
t h e  w ho le  b lo o d  v i s c o s i t y  i s  known and ' r e l a t i v e  v i s c o s i t y '  c a l c u l a t i o n  
i s  o f  no a d d i t i o n a l  h e l p .  The c o r r e c t i o n  o f  w ho le  b lo o d  v i s c o s i t y  
f o r  h a e m a t o c r i t  i s  n o t  o n ly  u n n e c e s s a ry  b u t  may be c l i n i c a l l y  
u n h e l p f u l ,  as i n  many o f  th e  h y p e r v i s c o s i t y  s t a t e s  re v ie w e d  i n  
C h a p te r  1 ,  s e c t i o n  i v ,  i t  i s  t h e  e le v a t e d  h a e m a to c r i t  t h a t  i s  o f  
g r e a t e s t  c l i n i c a l  im p o r ta n c e ,
P i l l i s i e r  (1 9 1 2 )  ( 1 4 1 ) ,  u s in g  a Hess c a p i l l a r y  v is c o m e t e r ,  showed 
t h a t  w ho le  b lo o d  v i s c o s i t y  was lo w e re d  by th e  l a t e r  m onths  o f  p regnan cy  
and E s i a s c h w i l i  ( 1 9 3 3 ) ( 1 4 2 ) ,  by an u n d is c lo s e d  t e c h n iq u e ,  found  a f a l l  
i n  w ho le  b lo o d  v i s c o s i t y  d u r in g  p re g n a n c y .  The two m ost co m p re h e n s ive  
s t u d ie s  t h r o u g h o u t  p re g n a n c y  a re  th o s e  o f  Cohen and Thomson (1936 )
( 1 3 8 ) ,  who d e r i v e d  w h o le  b lo o d  v i s c o s i t y  by a c a l c u l a t i o n  based on th e  
h a e m a t o c r i t  ( 5 8 )  and H a m i l to n  (1 9 5 0 )  (1 3 5 )  who used an O s tw a ld  v is c o m e te r .  
T h e i r  r e s u l t s  a re  c o n t r a s t e d  w i t h  t h e  p r e s e n t  s tu d y  i n  T a b le  10 , and 
a l l  t h r e e  s t u d ie s  show a g r a d u a l  f a l l  i n  w ho le  b lo o d  v i s c o s i t y  to  a 
n a d i r  be tween 30 and 34 weeks, f o l l o w e d  by a r i s e  to w a rd s  te rm ,
L e o n h a rd t  e t  a l  (1 9 7 5 )  ( 1 4 3 ) ,  u s in g  a U J e l l s - B r o o k f ie ld  v is c o m e te r ,  and 
c o r r e c t i n g  th e  w h o le  b lo o d  v i s c o s i t y  t o  a s ta n d a rd  h a e m a t o c r i t ,  r e p o r t e d  
a s i g n i f i c a n t l y  r a i s e d  ' c o r r e c t e d  w ho le  b lo o d  v i s c o s i t y ’ i n  p re g n a n c y ,  
b u t  i n  f a c t  t h i s  m e re ly  r e f l e c t s  t h e  r a i s e d  f i b r i n o g e n  o f  p regnan cy  and 
i t s  e f f e c t  on p lasm a v i s c o s i t y  and e r y t h r o c y t e  a g g r e g a t io n ,  Schmid-* 
Schonbe in  and h i s  c o l le a g u e s  (1 4 0 )  r e p o r t e d  th e  r e s u l t s  o f  11 p re g n a n t  
women whom th e y  i n v e s t i g a t e d  f o r  v a r io u s  h a e m o rh e o lo g ic a l  p a ra m e te rs ,  
u s in g  a m o d i f i e d  W e l ls —B r o o k f i e l d  v i s c o m e te r .  They fo u n d  a r i s e  i n  
' r e l a t i v e  v i s c o s i t y ’ o f  b lo o d  and in c r e a s e d  e r y t h r o c y t e  a g g r e g a t io n .
As s t a t e d  i n  C h a p te r  1 ,  s e c t i o n  i i i ,  w ho le  b lo o d  v i s c o s i t y  i s  a com plex 
p a ra m e te r  w h ich  i s  i n f l u e n c e d  by many o t h e r  h a e m o rh e o lo g ic a l  f a c t o r s .
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Pregnancy  p r e s e n ts  us w i t h  a h a e m o rh e o lo g ic a l  w orkshop  where th e  
c e l l u l a r  and p lasm a c o n s t i t u e n t s  o f  b lo o d  a re  p h y s i o l o g i c a l l y  
v a r i e d ,  so t h e i r  i n t e r a c t i o n  may be o b s e rv e d .  The w h o le  b lo o d  
v i s c o s i t y  p r o f i l e  i n  p re g n a n c y  f o l l o w s  t h a t  o f  h a e m a to c r i t  most 
c l o s e l y ,  b u t  i n  t h e  f i r s t  h a l f  o f  p re g n a n cy  th e  w ho le  b lo o d  
v i s c o s i t y  i s  m a in ta in e d  by th e  r a p i d  r i s e  i n  p lasm a  f i b r i n o g e n .  As 
th e  p lasm a f i b r i n o g e n  l e v e l s  o f f  and th e  t o t a l  serum p r o t e i n  f a l l s  
a lo n g  w i t h  t h e  h a e m a to c r i t  t h e  w h o le  b lo o d  v i s c o s i t y  f a l l s  a f t e r  th e  
2 4 th  week. The in c r e a s e  i n  e r y t h r o c y t e  d e f o r m a b i l i t y  seen from  
e a r l y  p re g n a n c y  w i l l  a ls o  a s s i s t  i n  th e  lo w e r in g  o f  w h o le  b lo o d  v i s c o s i t y .  
I n  th e  l a s t  f o u r  weeks o f  p re g n a n c y  th e  w ho le  b lo o d  v i s c o s i t y  r i s e s  
to w a rd s  t e r m .  T h is  r i s e  i s  compounded o f  an i n c r e a s i n g  h a e m a to c r i t  
and a d e c re a s in g  e r y t h r o c y t e  d e f o r m a b i l i t y  o f f s e t  by a f a l l  i n  th e  
p lasm a v i s c o s i t y  due to  th e  s l i g h t  r e d u c t i o n  i n  p lasm a  f i b r i n o g e n  i n  
th e  l a s t  f o u r  weeks o f  p re g n a n cy  and th e  c o n t i n u in g  f a l l  i n  t o t a l  serum 
p r o t e i n  (T a b le  3 ) .
The h a e m o r h e o lo g ic a l  changes d e s c r ib e d  i n  t h i s  c h a p te r  a re  o f  o b v io u s  
a d v a n ta g e  i n  th e  h yp e rd y n a m ic  c i r c u l a t i o n  o f  p re g n a n c y  d e s c r ib e d  i n  
th e  i n t r o d u c t i o n  and h e lp  to  e x p la in  th e  a l t e r a t i o n s  i n  p e r i p h e r a l  
r e s i s t a n c e  fo u n d  i n  p re g n a n c y .  Bader e t  a l  (1 9 5 5 )  (1 1 9 )  and P y o r o la  
(1 9 6 6 )  (1 1 4 )  b o th  showed a r e d u c t i o n  i n  t o t a l  p e r i p h e r a l  r e s i s t a n c e  i n  
e a r l y  p re g n a n c y  t h a t  rem a in e d  s t a t i c  u n t i l  t h e  l a s t  t r i m e s t e r ,  when i t  
ro s e  t o  n o n - p r e g n a n t  l e v e l s .  T h is  m i r r o r s  th e  d e s c r ib e d  changes i n  
w ho le  b lo o d  v i s c o s i t y  and r e c i p r o c a t e s  t h e  changes i n  e r y t h r o c y t e  
d e f o r m a b i l i t y .  The p a r t  p la y e d  by h a e m o rh e o lo g ic a l  f a c t o r s  i n  th e  
p e r i p h e r a l  r e s i s t a n c e  may be c o n s id e r a b le  d u r in g  p re g n a n c y ,  w i t h  th e  
deg ree  o f  a r t e r i o - v e n o u s  d i l a t a t i o n  ( 1 2 0 - 1 2 2 ) and a r t e r i o l a r  in s e n s ­
i t i v i t y  t o  p r e s s o r  s t i m u l i  ( 4 )  t h a t  a re  p r e s e n t  (C h a p te r  1 ,  s e c t io n  i i ) .  
E x a g g e ra t io n  o f  t h e  h a e m o rh e o lo g ic a l  changes o f  p re g n a n c y  c o u ld  o b v io u s ly
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a f f e c t  b lo o d  f l o w  i n  th e  s e n s i t i v e  p l a c e n t a l  c i r c u l a t i o n  and th e  
h a e m o rh e o lo g ic a l  p r o f i l e s  o f  p a t h o l o g i c a l  p re g n a n cy  a re  re v ie w e d  
i n  C h a p te rs  5 ,  7 and 8 *
A t te m p ts  were made to  s tu d y  th e  changes i n  h a e m o r h e o lo g ic a l  f a c t o r s  
d u r in g  l a b o u r  and th e  p u e r p e r iu m ,  b u t  because o f  th e  h ig h  i n c id e n c e  
o f  i n t r a v e n o u s  f l u i d  th e ra p y  d u r in g  l a b o u r ,  no s ta n d a rd  m easurem ents  
c o u ld  be g a th e r e d  i n  s u f f i c i e n t  numbers f o r  a n a l y s i s .  S i m i l a r l y  i n  
th e  p u e rp e r iu m ,  w i t h  m ost p a t i e n t s  b e in g  d is c h a rg e d  from  h o s p i t a l  
48 h o u rs  a f t e r  d e l i v e r y ,  and th o s e  whose s ta y  i n  h o s p i t a l  was lo n g e r  
had o f t e n  had o p e r a t i v e  d e l i v e r y  o r  p o s t  p a r tu m  c o m p l i c a t i o n  t h a t  
re n d e re d  them u n s u i t a b l e  f o r  p h y s i o l o g i c a l  m easurem ents  t o  be made, 
i n s u f f i c i e n t  n o rm a l p u e r p e r a l  cases  have been a v a i l a b l e  f o r  u s e f u l  
d e s c r i p t i o n  and a n a l y s i s .
A l l  p a t i e n t s  i n  th e  s tu d y  were seen and had m easurem ents  made a t  th e  
p o s t  n a t a l  c l i n i c  s i x  weeks a f t e r  d e l i v e r y .  The r e s u l t s  o f  th e s e  
measurem ents ( T a b le  3 ) ,  when com pared w i t h  th o s e  m easurem ents  made 
i n  n o n - p r e g n a n t  women who were n o t  on th e  o r a l  c o n t r a c e p t i v e  p i l l  
(T a b le  2 ) ,  showed no d i f f e r e n c e  i n  any o f  th e  h a e m o rh e o lo g ic a l  
p a ra m e te r s ,  s u g g e s t in g  t h a t  th e  r e t u r n  t o  th e  n o rm a l n o n - p r e g n a n t  
s t a t e  was v i r t u a l l y  c o m p le te .
None o f  th e  p a t i e n t s  i n  t h e  s tu d y  s u f f e r e d  any th r o m b o -e m b o l ic  
c o m p l i c a t io n  o f  p re g n a n c y ,  e i t h e r  a n t e -  o r  p o s t  n a t a l l y .  I t  i s  w e l l  
e s t a b l i s h e d  t h a t  p re g n a n c y  i s  a s s o c ia te d  w i t h  an in c r e a s e d  r i s k  o f  
venous th ro m b o s is  ( 1 4 4 ) ,  Comparing th e  l e v e l s  o f  h a e m o r h e o lo g ic a l  
change in d u c e d  by o r a l  c o n t r a c e p t i v e s  and p re g n a n cy  r e v e a l s  two 
v e ry  d i f f e r e n t  p i c t u r e s ,  b o th  o f  w h ich  may g iv e  an in c r e a s e d  r i s k  
o f  t h r o m b o s is .  I n  o r a l  c o n t r a c e p t i v e  u s e rs  (C h a p te r  3 ,  T a b le  2) 
a l l  t h e  h a e m o rh e o lo g ic a l  p a ra m e te rs  a re  a l t e r e d  v e ry  s l i g h t l y  i n
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a d i r e c t i o n  l i k e l y  t o  p re d is p o s e  to  t h r o m b o s is .  In  p re g n a n c y ,  th e  
p lasm a f i b r i n o g e n  i s  m a rk e d ly  in c r e a s e d  and th e  p lasm a v i s c o s i t y  
m o d e ra te ly  in c r e a s e d ,  whereas th e  e r y t h r o c y t e  d e f o r m a b i l i t y  i s  
s i g n i f i c a n t l y  i n c r e a s e d ,  th e  h a e m a to c r i t  reduced  and th e  w ho le  b lo o d  
v i s c o s i t y  a ls o  re d u c e d .  The o n ly  common f a c t o r  between o r a l  
c o n t r a c e p t io n  and p re g n a n cy  i s  th e  l o s s  o f  t h e  r a p i d  and p ronounced  
sw ings  i n  a l l  h a e m o rh e o lo g ic a l  p a ra m e te rs  t h a t  ta k e  p la c e  i n  th e  no rm a l 
sp o n tan eous  m e n s t r u a l  c y c le  ( F ig u r e s  19 ,20  and 2 1 ) .
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HAEMORHEOLOGICAL PROFILE OF THE NORMAL FETUS
i )  INTRODUCTION
The d e l i v e r y  o f  oxygen and n u t r i e n t s  to  and th e  re m o v a l  o f  w as te  
p r o d u c ts  and hormones from  th e  f e t o - p l a c e n t a l  u n i t  may be a f f e c t e d  
by a l t e r a t i o n s  i n  t h e  b lo o d  f l o w  r a t e  on e i t h e r  th e  m a te r n a l  o r  
f e t a l  s id e  o f  th e  p la c e n t a .  M a te r n a l  haem orheo logy  i n  n o rm a l and 
p a t h o l o g i c a l  p re g n a n c y ,  w h ich  may a l t e r  i n t e r v i l l o u s  b lo o d  f lo w  
i n  th e  p la c e n t a ,  i s  d is c u s s e d  i n  C h a p te rs  4 ,  6 ,  7 and 8 .
A g r e a t  d e a l  o f  a t t e n t i o n  has been p a id  to  th e  h a e m o rh e o lo g ic a l  
s t a t u s  o f  t h e  newborn i n f a n t  d u r in g  th e  f i r s t  few  days o f  l i f e .  
H y p e r v i s c o s i t y  s t a t e s  have been d e s c r ib e d  c a u s in g  n e o n a ta l  p l e t h o r a ,  
l e t h a r g y ,  j i t t e r i n e s s ,  c o n v u ls io n s ,  r e s p i r a t o r y  d i s t r e s s ,  c a r d io m e g a ly ,  
c a r d ia c  f a i l u r e  and c y a n o s is  ( 1 4 5 - 1 4 9 ) .  The h a e m a t o c r i t ,  and hence 
th e  w ho le  b lo o d  v i s c o s i t y ,  i n  th e  e a r l y  n e o n a ta l  p e r i o d ,  i s  i n f l u e n c e d  
by th e  t i m i n g  o f  c o rd  c la m p in g  and by p lasm a vo lum e changes i n  th e  
f i r s t  h o u rs  o f  l i f e  ( 1 5 0 ) ,  and f o r  t h i s  re a s o n  h a e m o rh e o lo g ic a l  
s t u d ie s  i n  th e  n e o n a ta l  p e r i o d  c a n n o t  be r e l a t e d  to  th o s e  i n  th e  
f e t u s  i n  u t e r o . However, i f  h y p e r v i s c o s i t y  s t a t e s  cause such se ve re  
d i s t u r b a n c e s  i n  th e  n e o n a ta l  p e r i o d ,  i t  seems r e a s o n a b le  to  su g g e s t  
t h a t  h y p e r v i s c o s i t y  o f  f e t a l  b lo o d  may a f f e c t  i n t r a u t e r i n e  g ro w th  
and d e v e lo p m e n t .  The f e t a l  s id e  o f  t h e  p l a c e n t a l  c i r c u l a t i o n  i s  
p a r t i c u l a r l y  v u ln e r a b le  t o  h a e m o rh e o lo g ic a l  a l t e r a t i o n s ,  w i t h  th e  
e x te n s iv e  m i c r o c i r c u l a t i o n  o f  t h e  v i l l i  b e in g  s u s c e p t i b l e  t o  changes 
i n  e r y t h r o c y t e  d e f o r m a b i l i t y ,  p lasm a and w h o le  b lo o d  v i s c o s i t y .
However, l i t t l e  i n v e s t i g a t i o n  has been co n d u c te d  i n t o  f e t a l  haem orheo logy  
i n  e i t h e r  n o rm a l o r  p a t h o l o g i c a l  p re g n a n c y .  The l i t e r a t u r e  c o n ta in s  o n ly  
a few s u p e r f i c i a l ,  and a t  t im e s ,  c o n t r a d i c t o r y ,  a c c o u n ts  o f  n o rm a l f e t a l  
h a e m o rh e o lo g y .
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T h is  c h a p te r  d e a ls  w i t h  th e  haem orhe o logy  o f  h e a l t h y  f u l l  te rm  
fe tu s e s  and w i t h  t h e  a l t e r a t i o n s  t h a t  o c c u r  i n  h a e m o rh e o lo g ic a l  
p a ra m e te rs  w i t h  v a r i a t i o n  i n  g e s t a t i o n a l  age .
i i )  COMPARISON OF THE HAEMORHEOLOGICAL PROFILES OF FULL TERM 
FETUSES. ADULT FEMALES AND PREGNANT WOMEN
H av ing  a l r e a d y  d e s c r ib e d  th e  n o rm a l h a e m o rh e o lo g ic a l  p r o f i l e  i n  
a d u l t  women and i n  n o rm a l p re g n a n c y ,  th e  f e t a l  p r o f i l e  w i l l  be 
p r e s e n te d  i n  c o n t r a s t  w i t h  them and th e  d i f f e r e n c e s  be tw een them 
i n v e s t i g a t e d  and d is c u s s e d .
P a t i e n t s  and M ethods
F i r s t l y ,  20 ml o f  b lo o d  was c o l l e c t e d ,  w i t h o u t  venous o c c lu s io n ,  
f rom  an a n t e c u b i t a l  v e in  i n  2 0  h e a l t h y  p re g n a n t  women a t  between 
30 and 40 w eeks ' g e s t a t i o n ,  f rom  20 h e a l t h y  a d u l t  fe m a le  v o lu n t e e r s ,  
aged be tw een 22 and 34 y e a r s ,  and from  th e  u m b i l i c a l  c o rd  v e in  o f  
20 h e a l t h y  f u l l  te rm  f e t u s e s  a t  b i r t h .  F e ta l  c o rd  b lo o d  was c o l l e c t e d  
as soon as th e  baby was d e l i v e r e d  and b e fo r e  th e  p la c e n t a  had s e p a ra te d ,  
H a e m o rh e o lo g ic a l  p a ra m e te rs  were m easured , as d e s c r ib e d  i n  C h a p te r  2 .
S e c o n d ly ,  i n  a f u r t h e r  g roup  o f  sam ples f rom  s i m i l a r  p a t i e n t s ,  th e  
p lasm a was s e p a ra te d  and th e  e r y t h r o c y t e s  washed t h r e e  t im e s  w i t h  
n o rm a l s a l i n e  a t  37°C . The e r y t h r o c y t e s  were th e n  suspended i n  p lasm a 
to  g i v e  a h a e m a to c r i t  o f  0 ,1 5  t o  0 . 2 0 .  P r e p a r a t io n s  were made o f  
e r y t h r o c y t e s  from  each g roup  w i t h  th e  p lasm a o f , e a c h  g ro u p ,  th e  
s u s p e n s io n s  were in c u b a te d  f o r  one h o u r  and th e n  th e  E r y t h r o c y t e  
D e f o r m a b i l i t y  In d e x  was m easu red . Samples from  each group  were assayed 
f o r  p lasm a  f i b r i n o g e n ,  a lb u m in ,  t o t a l  p r o t e i n  and o s m o l a l i t y .
T h i r d l y ,  f e t a l  b lo o d  and b lo o d  from  non—p r e g n a n t  a d u l t  women was 
measured f o r  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  a t  a v a r i e t y  o f  b lo o d  pH 
l e v e l s  as d e s c r ib e d  i n  C h a p te r  2 .
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RESULTS
The c o n t r a s t i n g  h a e m o r h e o lo g ic a l  p r o f i l e s  o f  th e  t h r e e  g ro u p s  a re  
shown i n  T a b le  1 1 .  F o r  s t a t i s t i c a l  c o m p a r is o n ,  th e  f e t a l  and 
p re g n a n cy  v a lu e s  o f  each p a ra m e te r  were compared w i t h  th o s e  o f  
h e a l t h y  n o n - p r e g n a n t  a d u l t  f e m a le s .
The d e f o r m a b i l i t y  o f  f e t a l  e r y t h r o c y t e s  was l e s s  th a n  t h a t  o f  
e r y t h r o c y t e s  from  a d u l t  fe m a le s  ( p < 0 . 0 0 1 ) and t h e y ,  i n  t u r n ,  were 
l e s s  d e fo rm a b le  th a n  th o s e  from  p re g n a n t  women ( p < 0 . 0 0 1 ) .
The h a e m a t o c r i t  o f  t h e  th r e e  g ro u p s  were a l s o  s i g n i f i c a n t l y  d i f f e r e n t  
from  each o t h e r  ( p <  0 . 0 0 1 ) ,  w i t h  f e t a l  b lo o d  h a v in g  th e  h ig h e s t  and 
p re g n a n t  women th e  lo w e s t  v a lu e s .
The p lasm a  f i b r i n o g e n  a ls o  showed s i g n i f i c a n t  d i f f e r e n c e s  (pC^O.OO l) 
w i t h  p re g n a n t  women h a v in g  th e  h i g h e s t  and f e t a l  b lo o d  th e  lo w e s t  
l e v e l s .
F e ta l  p lasm a had  a lo w e r  v i s c o s i t y  th a n  a d u l t  f e m a le ' s  ( p < 0 . 0 5 )  and 
p r e g n a n t  women's p lasm a  h a d  a h ig h e r  v i s c o s i t y  (p C ^ O .O O l) .
Whole b lo o d  v i s c o s i t y  was s i g n i f i c a n t l y  d i f f e r e n t  i n  a l l  t h r e e  g ro u p s ,  
w i t h  f e t a l  b lo o d  th e  h ig h e s t  ( p ^ 0 . 0 0 1 ) and p r e g n a n t  women's th e  lo w e s t  
( p < G . 0 0 l ) .
A n a ly s in g  th e  r e l a t i o n s h i p  be tween E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  and 
p lasm a f i b r i n o g e n  i n  th e  t h r e e  g ro u p s  ( F ig u r e  25) gave  a c o r r e l a t i o n  
c o e f f i c i e n t  o f  + 0 ,7 3 3  w i t h  a s lo p e  o f  + 0 .1 6 7  and an i n t e r c e p t  o f  
0 ,5 5 2 .
The second s e t  o f  e x p e r im e n ts  f u r t h e r  i n v e s t i g a t e d  th e  r e l a t i o n s h i p  
between th e  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  and p lasm a c o n s t i t u e n t s  
i n  th e  t h r e e  g ro u p s .  T a b le  12 shows th e  E r y t h r o c y t e  D e f o r m a b i l i t y  








































c O o CTl (3
ffl o Vû Oe t n Q
o O o O a
3 Vo r-
p OJ tn m T O a
P r - i> CD CD *
3 II *




co * PP CO
c % r^ * CD
CD Q * co PP e n * CO a O co 1C co P
t-t s j o
o CD O CD en
E CM CM
P CM p
œ II CD CTl CM CD c
i~ CD O' O r - CD
c •Q








CD * % 4= E
E o $ CD *
X
OO e n * CM 3
3 * CD O oO- CD P
P CD CD O fH
C CM O C 3 CD 3
CD CM 3
C II to ■îeCTl ID to CM
CD c CO CM to CO E
P O

















en P c E
o O 0 0
ü e*- Oi P
to p 0 □ 3
•H CD c 0
m en •H 0
en o  ^ 0  X P 0
3  ‘H ü  CD p P  0 3 E
o  o en en •H >> 3
Q ex ■H *H p O C U. P
rH -H X) o ü O PI O
00 p ex o p 0  .-1
c CD »H p X E  ^ C
CD CD Ë  P CD p 0  CTl O
r-4 Ü en c E >, 0 0
O CD 0 0 p p •HX r - i  Ü ro w C L P
3 ex '— X 0
c C ex
C c c 0 co E
CD eD ro 0 0 o
CD 0 0 s ; e : CD





”  O  Pregnant women n = 2 0  
B  Healthy females n - 2 0  




















1 2  3 4 5
Plasma Fibrinogen Level g /1
F ig u r e  25 The R e l a t i o n s h ip  Between Plasma F ib r in o g e n  C o n c e n t r a t io n  
and E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  (E D I)  i n  Samples From 
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measured i n  t h e i r  n a t i v e  p lasm a f e t a l  c e l l s  were l e s s  d e fo rm a b le  
than  a d u l t  c e l l s  m easured i n  t h e i r  n a t i v e  p lasm a ( p < ^ Q ,0 5 ) ,  w h ich  
w e re , i n  t u r n ,  l e s s  d e fo rm a b le  th a n  e r y t h r o c y t e s  f rom  p re g n a n t  women 
m easured i n  t h e i r  n a t i v e  p lasm a ( p < 0 * 0 0 l ) .  When th e  e r y t h r o c y t e s  
were in c u b a te d  w i t h  p lasm a from  th e  o t h e r  g ro u p s ,  th e s e  d i f f e r e n c e s  
were a b o l i s h e d  and i r r e s p e c t i v e  o f  th e  s o u rc e  o f  t h e  e r y t h r o c y t e s ,  
th e  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  was lo w e s t  when m easurem ent was 
made i n  f e t a l  p lasm a  ( p < ( 0 .0 5 )  and h ig h e s t  when made i n  p lasm a from  
p re g n a n t  women ( p ^  0 , 0 0 1 ) .
The a n a l y s i s  o f  p lasm a  c o n s t i t u e n t s  i n  th e  t h r e e  g ro u p s  i s  shown i n  
T a b le  1 3 .  Plasma a lb u m in  c o n c e n t r a t i o n  was s i m i l a r  i n  th e  f e t u s  
and p r e g n a n t  women, b u t  s i g n i f i c a n t l y  h ig h e r  i n  a d u l t  women (p<C0 , 0 0 l ) .  
A d u l t  women a ls o  had a h ig h e r  t o t a l  p r o t e i n  l e v e l  th a n  th e  o t h e r  two 
g roups  (p<C 0 , 0 0 1 ) ,  P re g n a n t  women had a h ig h e r  p lasm a f i b r i n o g e n  
than  a d u l t  fe m a le s  (p<C 0 . 0 0 1 ) and fe t u s e s  a s i g n i f i c a n t l y  lo w e r  l e v e l  
th a n  a d u l t  fe m a le s  ( p < 0 . 0 5 ) .  The p lasm a o s m o l a l i t y  o f  f e t u s e s  and 
p r e g n a n t  women were s i m i l a r  and were s i g n i f i c a n t l y  lo w e r  th a n  t h a t  o f  
a d u l t  fe m a le s  (p  < 0 , 0 0 1  ) ,
A n a ly s in g  th e  r e l a t i o n s h i p  between th e  E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  
and th e  s e v e r a l  p lasm a  c o n s t i t u e n t s  r e v e a le d  a p o s i t i v e  c o r r e l a t i o n  
c o e f f i c i e n t  o f  + 0 ,7 5 4  and a s lo p e  o f  + 0 ,1 6 8 ,  No o t h e r  s i g n i f i c a n t  
c o r r e l a t i o n  w i t h  any o t h e r  o f  t h e  p lasm a c o n s t i t u e n t s  was fo u n d .
The t h i r d  s e t  o f  e x p e r im e n ts  i n v e s t i g a t e d  th e  a l t e r a t i o n  i n  th e  
E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  i n  re sp o n s e  to  a l t e r a t i o n s  i n  pH i n  
f e t a l  and a d u l t  f e m a le ' s  b lo o d .  These a l t e r a t i o n s  a re  shown i n  
F ig u r e  2 6 ,  D ecrease  i n  pH caused  a s i g n i f i c a n t  r e d u c t i o n  i n  d e f o r m a b i l i t y  
o f  b o th  f e t a l  and a d u l t  e r y t h r o c y t e s ,  b u t  b e lo w  pH 6 ,9  th e  r e d u c t i o n  i n  
d e f o r m a b i l i t y  was g r e a t e r  i n  f e t a l  th a n  i n  a d u l t  e r y t h r o c y t e s ,  s u g g e s t in g
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F ig u r e  26 The R e la t i o n s h ip  Between pH L e v e l  and E r y t h r o c y t e  
D e f o r m a b i l i t y - I n d e x  (E D I)  i n  F e t a l  and A d u l t  B lood
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an in c r e a s e d  s e n s i t i v i t y  to  a n o x ic  a c id o s i s  i n  f e t a l  c e l l s .
i i i )  CHANGES IN FETAL HAEP1DRHEOLOGY WITH GESTATIONAL AGE 
A p a r t  f ro m  a number o f  s t u d ie s  d e s c r i b i n g  th e  a l t e r a t i o n s  i n  c o rd  
b lo o d  h a e m o g lo b in  and h a e m a to c r i t  w i t h  i n c r e a s i n g  g e s t a t i o n  (1 5 1 ,
1 5 2 ) ,  no work has been done on haem orheo logy  i n  th e  p r e te r m  i n f a n t .  
T h is  s tu d y  seeks  to  i n v e s t i g a t e  th e  way i n  w h ic h  th e  h a e m o rh e o lo g ic a l  
p r o f i l e  i s  a l t e r e d  by v a r i a t i o n  i n  g e s t a t i o n a l  age .
P a t i e n t s  and M ethods
Cord v e in  b lo o d  was c o l l e c t e d  from  190 i n f a n t s  a t  th e  moment o f  b i r t h ,  
These i n f a n t s  were b o rn  a t  a v a r i e t y  o f  g e s t a t i o n s ,  b u t  cases were 
e x c lu d e d  where a c l e a r l y  i d e n t i f i a b l e  p a t h o l o g i c a l  cause was found  
f o r  th e  p r e te rm  l a b o u r .  The p a ra m e te rs  were m easured as d e s c r ib e d  
i n  C h a p te r  2 ,
R e s u l t s
The c h a n g in g  p a t t e r n  o f  th e  f o u r  p a ra m e te rs  measured w i t h  a d va n c in g  
f e t a l  age i s  shown i n  T a b le  1 4 ,  The s t a t i s t i c a l  a n a l y s i s  i n  th e  
t a b l e  i s  a co m p a r iso n  o f  th e  measurement marked w i t h  t h e  measurement 
i n  th e  p r e c e d in g  g e s t a t i o n a l  p e r i o d .
The h a e m a to c r i t  showed a p r o g r e s s iv e  r i s e  f rom  34 weeks p a s t  te rm  to  
42+ weeks w i t h  s i g n i f i c a n t  in c r e a s e s  i n  h a e m a to c r i t  be tween each o f  
th e  g e s t a t i o n a l  p e r io d s  m easu red .
Plasma v i s c o s i t y  a ls o  showed a g ra d u a l  in c r e a s e  from  34 t o  42 w eeks. 
The r i s e  from  34 t o  40 weeks was s i g n i f i c a n t  ( p ^ 0 , 0 5 ) ,  as was th e  
r i s e  f rom  40 t o  42+ weeks ( p < . 0 , 0 5 ) .
Whole b lo o d  v i s c o s i t y  f o l l o w e d  th e  t r e n d  o f  h a e m a t o c r i t  and p lasm a 
v i s c o s i t y ,  w i t h  a s i g n i f i c a n t  r i s e  between 34 and 36 weeks (p ^L O .0 5 )  
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The E r y t h r o c y t e  D e f o r m a b i l i t y  In d e x  ro s e  s l i g h t l y ,  b u t  n o t  s t a t i s t ­
i c a l l y  s i g n i f i c a n t l y ,  between 34 and 38 weeks and th e n  l e v e l l e d  o f f  
o n ly  t o  f a l l  s i g n i f i c a n t l y  be tw een 40 and 42+ weeks ( P 'C O .G l ) .
i v )  DISCUSSION
The f e t u s  i n  u t e r o  h a s ,  u n t i l  v e ry  r e c e n t l y ,  been i n a c c e s s i b l e  f o r  
d i r e c t  o b s e r v a t io n  and m easurem ent. However, b lo o d  ta k e n  from  th e  
u m b i l i c a l  v e s s e ls  a t  b i r t h  g iv e s  t h e  i n v e s t i g a t o r  a sam ple  o f  
f e t a l  b lo o d  w h ic h  i s  r e p r e s e n t a t i v e  o f  t h e  f e t u s  a t  th e  end o f  l a b o u r .  
What changes come a b o u t  d u r in g  l a b o u r  i s  n o t  known, and j u s t  as 
m a te r n a l  haem orhe o logy  i s  a l t e r e d  by th e  in t r a v e n o u s  and o t h e r  
t h e r a p ie s  o f  l a b o u r  (C h a p te r  4 ,  s e c t io n  i v ) ,  so th e  f e t a l  haem orheo logy  
may be a l t e r e d .  However, a l l  th e  f e t a l  sam ples  c o l l e c t e d  i n  th e s e  
s t u d ie s  f o l l o w e d  v e ry  s i m i l a r  ty p e s  o f  l a b o u r ,  w i t h  no m e d ic a t io n  
t h a t  was known t o  have s p e c i f i c  o r  p r o fo u n d  a f f e c t s  on th e  p a ra m e te rs  
m easu red . Once more r e l i a b l e  and s a fe  m ethods o f  f e t a l  b lo o d  s a m p l in g  
i n  u t e r o  and m ic r o - h a e m o r h e o lo g ic a l  measurement t e c h n iq u e s  have been 
d e v e lo p e d ,  th e s e  o b j e c t i o n s  w i l l  be ove rcom e.
Compared w i t h  h i s  p re g n a n t  m o th e r ,  t h e  f e t u s  i s  p o o r l y  s i t u a t e d  to  
cope w i t h  an i n c r e a s e  i n  any o f  h i s  h a e m o r h e o lo g ic a l  pa ram ete rs®  W ith  
an e le v a te d  h a e m a to c r i t  and re d u ce d  e r y t h r o c y t e  d e f o r m a b i l i t y  c o m b in in g  
to  g i v e  an e le v a te d  w ho le  b lo o d  v i s c o s i t y ,  t h e  f e t u s ' s  o n ly  advan ta ge  
l i e s  i n  th e  lo w  p lasm a v i s c o s i t y  w h ich  i s  due t o  re d u ce d  l e v e l s  o f  t o t a l  
p r o t e i n  and f i b r i n o g e n .  P r e v io u s  s t u d ie s  (1 5 3 ,1 5 4 )  have shown lo w  l e v e l s  
o f  f i b r i n o g e n  i n  c o rd  b lo o d .  Im m u n o g lo b u l in  l e v e l s ,  p a r t i c u l a r l y  igM , 
a re  e x c e e d in g ly  lo w  u n le s s  th e  f e t u s  has been exposed  t o  an i n t r a u t e r i n e  
i n f e c t i o n  ( 1 5 5 ) ,  The s tu d y  o f  F o le y ,  Ish e rw o o d  and M c N ic o l  (1978 )
(1 5 3 )  r e p o r t e d  v a lu e s  o f  c o rd  p lasm a  v i s c o s i t y ,  p r o t e i n s  and f i b r i n o g e n  
v e ry  s i m i l a r  t o  th e  p r e s e n t  s t u d y .  The main a re a  o f  d i f f e r e n c e  between 
th e s e  two s t u d ie s  was i n  th e  v a lu e s  o f  w ho le  b lo o d  v i s c o s i t y ,  F o le y ,
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Ish e rw o o d  and M c N ic o l  (1 9 7 8 )  (1 5 3 )  fo u n d  no d i f f e r e n c e  i n  w ho le  b lo o d  
v i s c o s i t y  between b lo o d s  from  p re g n a n t  women and t h e i r  newborn i n f a n t s ,  
d e s p i t e  th e  marked d i f f e r e n c e  i n  h a e m a t o c r i t .  They a cco u n te d  f o r  t h i s  
l a c k  o f  d i f f e r e n c e  by th e  f a c t  t h a t  t h e  p lasm a v i s c o s i t y  i n  th e  f e t u s  
was lo w .  C e r t a i n l y  th e  w ho le  b lo o d  v i s c o s i t y  i n  th e  f e t u s  was mod­
e r a te d  by th e  lo w  p lasm a v i s c o s i t y  i n  t h e  p r e s e n t  s t u d y ,  b u t  t h e  
d i f f e r e n c e  between th e  two s t u d ie s  e x i s t s  and c o n f i r m a t o r y  i n v e s t i g a t i o n  
i s  r e q u i r e d .  I t  may be t h a t  th e  Deer Rheometer w i t h  i t s  v a r i a b l e  s h e a r  
r a t e  c h a r a c t e r i s t i c s  (C h a p te r  2 ,  s e c t io n  i i i )  i s  more s e n s i t i v e  t o  
th e  a g g r e g a t io n  o f  e r y t h r o c y t e s  th a n  th e  f i x e d  s h e a r  r a t e  C o n tra v e s  
i n s t r u m e n t  used  by F o le y ,  Is h e rw o o d  and M c N ic o l  (1 9 7 8 )  ( 1 5 3 ) ,  F e ta l  
e r y t h r o c y t e  d e f o r m a b i l i t y  has been th e  o b j e c t  o f  s tu d y  by two g roups  
o f  w o rk e rs  ( 8 2 , 1 5 6 ) ,  b o th  used  m i c r o f i l t r a t i o n  m ethods f o r  d e f o r m a b i l i t y  
m easurem ent. G ross  and Hathaway (1 9 7 2 )  (8 2 )  r e p o r t e d  t h a t  f e t a l  
e r y t h r o c y t e s  were l e s s  d e fo rm a b le  th a n  a d u l t  c e l l s  and a ls o  t h a t  f e t a l  
c e l l s  were more s e n s i t i v e  t o  a n o x ic  a c i d o s i s .  These f i n d i n g s  were 
c o n f i rm e d  i n  b o th  a s p e c ts  by t h e  p r e s e n t  s t u d y ,  B e r g q v i s t ,  Bygdeman 
and R y la n d e r  (1 9 7 7 )  ( 1 5 6 ) ,  h o w e ve r ,  fo u n d  no d i f f e r e n c e  i n  th e  
d e f o r m a b i l i t y  o f  f e t a l  e r y t h r o c y t e s .  The main d i f f e r e n c e  i n  m e th o d o lo g y  
between th e  p r e s e n t  s tu d y  and t h a t  o f  B e r g q v i s t ,  Bygdeman and R y la n d e r  
(1 9 7 7 )  (1 5 6 )  i s  t h a t  th e y  m easured washed e r y t h r o c y t e s  suspended i n  
a r t i f i c i a l  medium and t h e r e f o r e  e l im in a t e d  any a f f e c t  o f  th e  n a t i v e  
p lasm a f i b r i n o g e n ,  t h a t  has been shown to  have such a s e n s i t i v e  a f f e c t  
on e r y t h r o c y t e  d e f o r m a b i l i t y  (C h a p te r  5 ,  s e c t io n s  i i  and i i i )  ( 7 6 , 9 1 ) .
Even a p a r t  from  th e  a f f e c t  o f  th e  lo w  f i b r i n o g e n  l e v e l  i n  f e t a l  p la s m a , 
t h e r e  a re  o t h e r  f e a t u r e s  o f  f e t a l  e r y t h r o c y t e s  t h a t  w o u ld  te n d  to  make 
them l e s s  d e fo r m a b le .  A v a i l a b i l i t y  o f  a d e n o s in e  t r i p h o s p h a t e  (ATP) i s  
a key f a c t o r  i n  th e  m a in te n a n c e  o f  c e l l  shape and d e f o r m a b i l i t y  ( 1 5 7 -  
1 5 9 ) ,  I n  f e t a l  e r y t h r o c y t e s ,  s t a b i l i t y  o f  ATP i s  d e c re a se d  ( 1 6 0 ) ,  
o u a b a i n - s e n s i t i v e  ATPase i s  lo w  f o r  c e l l  age (1 6 1 )  and p h o sp h a te
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i n c o r p o r a t i o n  i s  d im in is h e d  ( 1 6 2 ) .  Membrane l i p i d s  and t h e i r  
i n t e r a c t i o n  w i t h  p lasm a p r o t e i n s  a re  im p o r t a n t  f o r  membrane 
f u n c t i o n  (1 5 3 )  and i t  i s  known t h a t  f e t a l  e r y t h r o c y t e s  have a 
d im in is h e d  a b i l i t y  t o  h a n d le  o x id a n t  s t r e s s  and e x h i b i t  o t h e r  
membrane l i p i d  a l t e r a t i o n s  ( 1 6 4 , 1 6 5 ) .  S t r u c t u r a l  d i f f e r e n c e s  i n  
th e  f e t a l  e r y t h r o c y t e ,  such as in c r e a s e d  H e inz  body fo r m a t io n  r e ­
l a t e d  t o  lo w  g l u t a t h i o n e  s t a b i l i t y  ( 1 6 0 ,1 6 2 ) ,  p i t t i n g  o f  th e  
e r y t h r o c y t e  s u r fa c e  ( 1 6 5 ) ,  and in c r e a s e d  p y k n o c y te  f o r m a t io n  (1 6 0 ,
167) w ou ld  c o r r e l a t e  w i t h  a d e c re a se d  d e f o r m a b i l i t y .  E r y t h r o c y t e  
d e f o r m a b i l i t y  i s  a m a jo r  d e te r m in a n t  o f  e r y t h r o c y t e  l i f e s p a n  
i n  v i v o  (6 5 -6 7 )  and i t  i s  c l e a r l y  e s t a b l i s h e d  t h a t  f e t a l  e r y t h r o c y t e s  
have a l i f e s p a n  o f  a round  80 d a y s ,  compared w i t h  1 2 0  days i n  th e  
a d u l t  ( 1 6 8 ) .
P lasma f a c t o r s ,  as w e l l  as c e l l u l a r  f a c t o r s ,  have been s u g g e s te d  as 
b e in g  r e s p o n s ib le  f o r  f e t a l  e r y t h r o c y t e  d i f f e r e n c e s  ( 1 6 0 ,1 6 7 ,1 6 9 ) .
O sk i and Naiman (1 9 6 5 )  ( 1 6 0 ) ,  showed t h a t  i n c u b a t i n g  a d u l t  c e l l s  i n  
p re m a tu re  i n f a n t ' s  p lasm a r e s u l t e d  i n  p y k n o s is .  B o th  in c r e a s e d  
b i l i r u b i n  and d e c re a s e d  to c o p h e r o l  a f f e c t  e r y t h r o c y t e  shape and 
p o s s i b l y  d e f o r m a b i l i t y  ( 1 6 9 , 1 7 0 ) .
T u r n in g  to  th e  changes i n  h a e m o rh e o lo g ic a l  p a ra m e te rs  w i t h  g e s t a t i o n a l  
age . The r i s i n g  h a e m a to c r i t  fo u n d  i n  t h i s  s tu d y  a g re e s  w i t h  th e  
p u b l i s h e d  w orks  ( 1 5 1 , 1 5 2 ) ,  as does th e  l e v e l  o f  p lasm a f i b r i n o g e n  
and p r o t e i n  ( 1 5 3 , 1 5 4 ) ,  W a lke r  and T u r n b u l l  (1 9 5 3 )  (1 5 1 )  s u g g e s t  
t h a t  d u r in g  i n t r a u t e r i n e  l i f e ,  t h e r e  a re  two s e p a ra te  mechanisms 
a t  work i n  th e  d e ve lo p m e n t o f  th e  b lo o d  p i c t u r e  seen i n  th e  f e t u s  a t  
b i r t h .  F i r s t l y ,  t h e r e  i s  an in c r e a s e  i n  hae m o g lo b in  and e r y t h r o c y t e s  
as p a r t  o f  th e  n o rm a l g ro w th  and m a tu r a t io n  o f  th e  f e t u s .  S e c o n d ly ,  
an in c r e a s e d  p r o d u c t i o n  o f  haem o g lo b in  and e r y t h r o c y t e s  may be fo r c e d  
a t  any s ta g e  o f  th e  p re g n a n cy  by a f a l l  i n  th e  oxygen s u p p ly  to  th e
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f e t u s ,  and th e  a f f e c t  o f  t h i s  abnorm a l s t i m u l a t i o n  may be su p e r ­
im posed on th e  n o rm a l g ro w th  p a t t e r n .  They went on to  p r e s e n t  
e v id e n c e  to  show t h a t  f e t a l  h a e m o g lo b in  r i s e s  above a d u l t  l e v e l s  
i n  re sp o n s e  t o  d im in is h e d  oxygen d i f f u s i o n  a c ro s s  th e  p la c e n ta  
a f t e r  ab o u t  36 w eeks ' g e s t a t i o n .  A l th o u g h  M arks e t  a l  (1 9 5 5 )  (1 7 1 )  
and Rooth  and S jo s te d  (1 9 5 7 )  (1 7 2 )  d id  n o t  f i n d  e le v a te d  re d  c e l l  
c o u n ts  i n  p o s tm a tu re  i n f a n t s ,  and t h e r e f o r e  d oub te d  th e  o c c u r re n c e  
o f  ' p l a c e n t a l  i n s u f f i c i e n c y ' ,  c a r e f u l  s t u d ie s  by B r a t t e b y  (1 9 6 8 )
(1 5 2 )  c o n f i r m e d  th e  r e l a t i o n s h i p  between g e s t a t i o n a l  age and c o rd  
haem og lo b in  and h a e m a to c r i t  v a lu e s .  T h is  i n v e s t i g a t o r  s t u d ie d  
i n f a n t s  w i t h  g e s t a t i o n a l  ages be tw een 32 and 43 weeks, and c l e a r l y  
d e m o n s tra te d  a p o s i t i v e  a s s o c ia t i o n  between i n c r e a s i n g  g e s t a t i o n a l  
age and h ig h e r  re d  c e l l  v o lu m e s ,
A s i m i l a r  s i t u a t i o n  may w e l l  p e r t a i n  w i t h  th e  w ho le  ra n g e  o f  haemo­
r h e o l o g i c a l  p a r a m e te r s .  H e p a t ic  and im m u n o lo g ic a l  m a tu r a t io n  r e s u l t  
i n  g r a d u a l l y  r i s i n g  c o n c e n t r a t i o n s  o f  p lasm a f i b r i n o g e n ,  a lb u m in  and 
g l o b u l i n s ;  m a t u r a t io n  o f  th e  h a e m o p o ie t ic  system  r e s u l t s  i n  a r i s i n g  
h a e m a to c r i t  and co n se q u e n t  upon th e s e  changes , th e  p lasm a  and w ho le  
b lo o d  v i s c o s i t y  r i s e .  S t re s s  s i t u a t i o n s ,  such as th o s e  d e a l t  w i t h  i n  
th e  f o l l o w i n g  t h r e e  c h a p t e r s ,  may cause an a c c e le r a t i o n  i n  p r o d u c t io n  
o f  th e s e  p a ra m e te rs  and th e n  a v i c i o u s  c i r c l e  i s  s e t  up ,  w i t h  h y p e r ­
v i s c o s i t y  l e a d in g  t o  im p a i r e d  p l a c e n t a l  p e r f u s io n  and f u r t h e r  h y p o x ia  
a d d in g  renewed s t im u lu s  to  e r y t h r o p o i e s i s .  I t  i s  known t h a t  p o s t ­
m a t u r i t y  o f  th e  f e t u s  i s  a s s o c ia t e d  w i t h  an in c r e a s e d  r i s k  o f  f e t a l  
d i s t r e s s  i n  l a b o u r  and w i t h  an in c r e a s e d  p e r i n a t a l  m o r t a l i t y  and 
m o r b i d i t y  ( 1 7 3 , 1 7 4 ) .  I n  T a b le  14 , i t  i s  e v id e n t  t h a t  t h e r e  i s  a 
s i g n i f i c a n t  and r a p i d  in c r e a s e  i n  h a e m a to c r i t  ( p < ^ 0 . 0 0 1 ) ,  p lasm a 
v i s c o s i t y  ( p " \ 0 . 0 5 )  and w ho le  b lo o d  v i s c o s i t y  ( p \ 0 , 0 l )  between 40 
and 42+ weeks, and an a s s o c ia te d  dec re a se  i n  E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x  ( p < l O . O l ) .  The c u m u la t i v e  a f f e c t  o f  th e s e  changes must be a
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s i g n i f i c a n t  r e d u c t i o n  i n  v i l l o u s  p e r f u s io n  on th e  f e t a l  s id e  o f  th e  
p la c e n t a ,  as w e l l  as an in c r e a s e d  s t r a i n  o f  th e  f e t a l  h e a r t  because 
o f  th e  i n c r e a s e  i n  p e r i p h e r a l  r e s i s t a n c e .  Once a g a in ,  t h e  s i t u a t i o n  
i s  open f o r  a v i c i o u s  c i r c l e  o f  h y p o x ia  i n c r e a s i n g  v i s c o s i t y  f a c t o r s ,  
th u s  r e s u l t i n g  i n  im p a i r e d  p e r f u s i o n  and le a d in g  t o  f u r t h e r  h y p o x ia .  
T h is  s i t u a t i o n  c o u ld  w e l l  make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  th e  
a e t i o l o g y  o f  f e t a l  d i s t r e s s  i n  l a b o u r  i n  p o s tm a tu re  f e t u s e s  where 
any i n t r a p a r t u m  a n o x ia  w i l l  f u r t h e r  e x a c e rb a te  t h e  a l r e a d y  compromised 
h a e m o rh e o lo g ic a l  s t a t e  o f  th e  p l a c e n t a l  b lo o d  f l o w .
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THE EFFECTS OF CIGARETTE SMOKING ON MATERNAL 
AND FETAL HAEMORHEOLOGY
"A custom s lo th s o m s  to  th e  e ye ,  h a t e f u l  to  th e  n ose , 
h a r m fu l  t o  t h e  b r a i n s ,  dange ro us  to  th e  l u n g s ,  and 
th e  b la c k s  s t i n k i n g  fume t h e r e o f ,  n e e r e s t  r e s e m b l in g  
th e  h o r r i b l e  S t i g i a n  smoke o f  th e  p i t  t h a t  i s  b o t t o m le s s , "
James I  o f  G re a t  B r i t a i n  (1556 -  1625) 
i n  a C o u n te r - B la s te  t o  T obacco , C h a p te r  4 ,
i )  INTRODUCTION
K in g  James I  may be excused f o r  o m i t t i n g  f rom  h i s  h i g h l y  a c c u ra te  
l i s t  o f  th e  e v i l s  o f  to b a c c o  sm oking th e  consequences f o r  th e  
f e t u s  o f  m a te r n a l  sm ok ing  d u r in g  p re g n a n c y .  I t  was n o t  u n t i l  1935 
t h a t  Sontag and W a l la c e  (1 9 3 5 )  (1 7 5 )  showed t h a t  c i g a r e t t e  sm oking 
caused a c c e l e r a t i o n  o f  th e  f e t a l  h e a r t .  C am pbe ll  i n  1935 (176 ) 
and 1936 (1 7 7 )  w arned t h a t  sm ok ing  was p r e j u d i c i a l  t o  e f f i c i e n t  
c h i l d b e a r i n g ,  b u t  l i t t l e  i n t e r e s t  was shown i n  h i s  o b s e r v a t i o n s .
In  1957 a r e p o r t  (1 7 8 )  was p u b l i s h e d  show ing  t h a t  t h e  in c id e n c e  o f  
n e o n a te s  w e ig h in g  l e s s  th a n  2 ,5 0 0  g was tw ic e  as h ig h  i n  smokers 
as i n  n o n -s m o k e rs .  S in c e  th e n  a l a r g e  volume o f  e v id e n c e  has 
a ccu m u la te d  i m p l i c a t i n g  c i g a r e t t e  sm oking w i t h  lo w  b i r t h  w e ig h t  
( 1 7 9 - 1 8 1 ) ,  p re te rm  d e l i v e r y  ( 1 8 2 - 1 8 4 ) ,  in c r e a s e d  f e t a l  wastage 
(1 7 9 ,1 8 0 )  and lo n g  te rm  im p a i rm e n t  o f  m e n ta l  and p h y s i c a l  g ro w th  
( 1 8 5 ,1 8 6 ) .  Smokers a ls o  show an in c r e a s e d  in c id e n c e  o f  a b r u p t i o  
p la c e n ta e  ( 1 8 7 ,1 8 8 ) ,  p la c e n ta  p r a e v ia  and o t h e r  causes o f  a n te ­
pa r tum  haem orrhage (1 8 0 ,1 8 8 )  and p re m a tu re  r u p t u r e  o f  th e  membranes 
( 1 8 4 ) ,  The o n ly  a p p a re n t  a d va n ta g e  from  c i g a r e t t e  sm oking i n  
p regnan cy  i s  a lo w e r  in c id e n c e  o f  h y p e r t e n s iv e  d i s o r d e r s  o f  
p regnan cy  ( 1 8 0 , 1 8 2 ,1 8 4 ,1 8 9 ) ,  a l t h o u g h  th e  p e r i n a t a l  r i s k  i n
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smokers who do d e v e lo p  h y p e r t e n s i v e  d i s o r d e r s  i s  much i n c r e a s e d  
when compared w i t h  n o n -s m o k e rs  w i t h  t h e  same p ro b le m  ( 1 9 0 ) ,
The c h e m i s t r y  and p h a rm a c o lo g y  o f  to ba cc o  i s  comp lex  and n o t
f u l l y  u n d e r s t o o d .  The mechanisms whereby c i g a r e t t e  smoking 
a f f e c t s  f e t a l  g r o w th  i s  n o t  c l e a r .  N i c o t i n e  c r o s s e s  t h e  p l a c e n t a
and i n  a n im a l  e x p e r i m e n t s  i n j e c t i o n  o f  n i c o t i n e  i n t o  t h e  p r e g n a n t
m o th e r  r e s u l t s  i n  r e d u c t i o n  o f  f e t a l  b i r t h w e i g h t  ( 1 9 1 , 1 9 2 ) .
S uzuk i  e t  a l  ( 1 9 7 1 )  (193 )  c o n c lu d e d  t h a t  n i c o t i n e  caused  vaso­
c o n s t r i c t i o n  o f  u t e r i n e  v e s s e l s  w i t h  c o n s e q u e n t  r e d u c t i o n  i n  
i n t e r v i l l o u s  b lo o d  f l o w  and hence f e t a l  a s p h y x i a .  Carbon monox ide 
appea rs  i n  much h i g h e r  l e v e l s  i n  t h e  b l o o d  o f  smokers  and c r o s s e s  
t h e  p l a c e n t a l  b a r r i e r  ( 1 9 4 ) .  A s t r u p  e t  a l  (19 72 )  (1 9 5 )  exposed 
p r e g n a n t  r a b b i t s  t o  d i f f e r e n t  l e v e l s  o f  a m b ien t  ca rb o n  monoxide  
and f o u n d  a p r o nou n ce d  e f f e c t  on ave rag e  l i t t e r  w e i g h t ,  f e t a l  
de ve lop m e n t  and n e o n a t a l  d e a th  r a t e s .
The e f f e c t  o f  c i g a r e t t e  smok ing on h a e m o r h e o l o g i c a l  p a r a m e t e r s  
has been s t u d i e d  i n  n o n - p r e g n a n t  s u b j e c t s .  Chmie l  e t  a l  (1 973 )  
( 19 5 )  o b s e r v e d  an i n c r e a s e  i n  b l o o d  v i s c o s i t y  i n  s m o k e rs ,  t h i s  
i n c r e a s e  b e in g  much more marked i m m e d i a t e l y  a f t e r  sm o k in g .  
D i n t e n f a s s  (19 7 5 )  c a r r i e d  o u t  a com pa r ison  o f  male smokers  and 
matched  c o n t r o l s .  He r e p o r t e d  t h a t  smokers had an i n c r e a s e  i n  
h a e m a t o c r i t ,  p lasma f i b r i n o g e n ,  p lasma and who le  b l o o d  v i s c o s i t y  
and e r y t h r o c y t e  a g g r e g a t i o n .  A l l  t h e s e  f i n d i n g s  have been 
c o n f i r m e d  i n  a r e c e n t  s t u d y  by L e o n h a r d t  e t  a l  ( 1 9 7 8 )  ( 1 0 2 ) .
i i )  EFFECTS OF CIGARETTE SMOKING ON MATERNAL AND FETAL 
HAEMORHEOLOGY
The f o l l o w i n g  s t u d y  s oug h t  to  i n v e s t i g a t e  t h e  h a e m o r h e o l o g i c a l  
p r o f i l e  t h r o u g h o u t  p re g n a n c y  i n  women who smoked r e g u l a r l y  and 
t o  i n v e s t i g a t e  t h e  w e i g h t  and haem orheo logy  o f  t h e  newborn i n f a n t s
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o f  smoking m o t h e r s .
P a t i e n t s  and Methods
F i r s t l y ,  t w e n t y  women o f  m ixed  p a r i t y  who smoked 20 o r  more 
c i g a r e t t e s  a day were i d e n t i f i e d  a t  t h e  a n t e n a t a l  c l i n i c .
I n i t i a l l y ,  a l a r g e r  number  o f  heavy smokers were q u e s t i o n e d  
and a d v i s e d  ab ou t  t h e  d a nge rs  o f  smoking t o  t h e  h e a l t h  o f  
t h e i r  unbo rn  c h i l d .  The 20 s e l e c t e d  d e c l i n e d  t o  make any a t t e m p t  
t o  r e d u c e  t h e i r  smoking b u t  ag reed  t o  e n t e r  t h e  s t u d y  so t h a t  a 
c l o s e  wa tch c o u l d  be k e p t  on t h e i r  f e t a l  g r o w t h .  B lo o d  was ta ken  
a t  r e g u l a r  i n t e r v a l s  t h r o u g h o u t  p re gna n cy  and h a e m o r h e o l o g i c a l  
measurements made, A c o n t r o l  group o f  age,  s o c i a l  c l a s s  and p a r i t y  
matched  c o n t r o l s  was s e l e c t e d .
S e c o n d l y ,  b l o o d  was c o l l e c t e d  f rom t h e  u m b i l i c a l  c o r d  v e i n ,  a t  
b i r t h ,  f rom 40 i n f a n t s  bo rn  t o  m o th e r s  who smoked more than  20 
c i g a r e t t e s  p e r  day and f rom 40 i n f a n t s  bo rn  t o  m o th e r s  who d i d  n o t  
smoke, H a e m o r h e o l o g i c a l  measurements were made on a l l  samples as 
d e s c r i b e d  i n  C h a p te r  2 ,
R e s u l t s
The h a e m o r h e o l o g i c a l  p a r a m e t e r s  t h r o u g h o u t  p re g n a n c y  i n  t h e  g roups  
o f  smokers and n o n -sm o k e rs  a r e  shown i n  T a b le s  15 and 15 r e s p e c t i v e l y .  
The changes i n  t h e  s i x  h a e m o r h e o l o g i c a l  p a r a m e t e r s  measured i n  t h e  
no n -sm o k e rs  were n o t  i n  any way d i f f e r e n t  f rom  t h e  s e r i a l  s t u d y  o f  
p a t i e n t s  shown i n  T a b le  3 ( C h a p t e r  4 ,  s e c t i o n  i i ) .  Compar ing th e  
r e s u l t s  i n  T a b l e s  15 and 15,  u s i n g  a S t u d e n t ' s  t - t e s t ,  i t  was 
fo u n d  t h a t  i n  smokers t h e  p a t t e r n  o f  change t h r o u g h o u t  p regn an cy  
i n  h a e m a t o c r i t ,  p lasma f i b r i n o g e n ,  t o t a l  serum p r o t e i n ,  p lasma 
and who le  b lo o d  v i s c o s i t y  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
n o n - s m o k e r s .  The E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x ,  ho w ev e r ,  was 
d e c rea s ed  i n  c i g a r e t t e  smokers a t  a l l  s ta g e s  o f  p r e g n a n c y  ( p ^ O . O S ) ,
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t h i s  d i f f e r e n c e  b e i n g  most  marked  f rom 30 weeks onwards  ( p c ^ O . O l ) ,  
When t h e  s i x  weeks p o s t  p a r tu m  measurements  were compared between 
th e  two g r o u p s ,  t h e  smokers had a s i g n i f i c a n t l y  h i g h e r  h a e m a t o c r i t  
( p < 0 . 0 0 l ) ,  and e l e v a t e d  p lasm a  f i b r i n o g e n  ( p \ G . G 5 ) ,  a h i g h e r  
t o t a l  serum p r o t e i n  c o n c e n t r a t i o n  ( p < 0 , 0 5 ) ,  a h i g h e r  w h o le  b l o o d  
v i s c o s i t y  ( p < 0 , 0 0 1 )  and a r e d u c e d  E r y t h r o c y t e  D e f o r m a b i l i t y  
In d e x  ( p < C 0 , 0 5 ) ,  The p la sm a v i s c o s i t y  was n o t  d i f f e r e n t  i n  t h e  
two g r o u p s .
The h a e m o r h e o l o g i c a l  measuremen ts  i n  t h e  i n f a n t s  b o r n  t o  smoking 
and n o n - s m o k in g  m o t h e r s ,  w i t h  t h e i r  g e s t a t i o n a l  age and b i r t h  
w e i g h t s  a r e  s e t  o u t  i n  T a b l e  17 ,  The s t a t i s t i c a l  c o m p a r i s o n  was 
made u s i n g  S t u d e n t ' s  t - t e s t .  T he re  was no s t a t i s t i c a l  d i f f e r e n c e  
be tween t h e  g e s t a t i o n a l  ages i n  t h e  two g r o u p s ,  b u t  t h e  b i r t h  
w e i g h t  was s i g n i f i c a n t l y  l e s s  i n  t h e  smoking group  ( p < - O . G l ) ,
The h a e m a t o c r i t  was e l e v a t e d  s i g n i f i c a n t l y  i n  t h e  smokers  ( p < 0 , 0 0 1  ) ,  
as was t h e  w ho le  b l o o d  v i s c o s i t y  ( p < 0 , 0 2 ) .  The p lasma v i s c o s i t y  
was t h e  same i n  b o t h  g r o u p s  b u t  t h e  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  
was s i g n i f i c a n t l y  l o w e r  i n  t h e  smoking group ( p C O . 0 2 ) ,
i i i )  DISCUSSION
I t  i s  p r o b a b l e  t h a t  c i g a r e t t e  smoking a f f e c t s  f e t a l  g r o w t h  by 
s e v e r a l  r o u t e s .  N i c o t i n e  i s  s a i d  t o  cause a r e d u c t i o n  i n  
i n t e r v i l l o u s  b l o o d  f l o w  ( 1 9 3 ) ,  c a rbon  monox ide  c e r t a i n l y  d e c re a s e s  
oxygen a v a i l a b i l i t y  f o r  t h e  f e t u s  (1 9 4 )  and t h e r e  i s  c l e a r  e v i d e n c e ,  
a t  l e a s t  i n  t h e  f e t u s ,  o f  a h a e m o r h e o l o g i c a l  e f f e c t  t h a t  wou ld  
f u r t h e r  r e d u c e  p l a c e n t a l  p e r f u s i o n  and l e a d  t o  i n c r e a s e d  f e t a l  
h y p o x i a .  The o n l y  c l e a r  d i f f e r e n c e  i n  t h e  m a t e r n a l  haem orheo logy  
o f  p r e g n a n c y ,  be tween smokers  and n o n - s m o k e r s ,  was t h e  re d u c e d  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  t h r o u g h o u t  p re g n a n c y  i n  sm o ke rs .
T h i s  i s  p r o b a b l y  due t o  c a r b o x y h a e m o g lo b in  a l t e r i n g  t h e  i n t e r n a l
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v i s c o s i t y  o f  t h e  e r y t h r o c y t e  as w e l l  as a f f e c t i n g  t h e  oxygen 
a v a i l a b i l i t y  f o r  t h e  c e l l ' s  m e t a b o l i s m ,  and so r e d u c i n g  
d e f o r m a b i l i t y .  C l e a r  d i f f e r e n c e s  d i d  e x i s t  i n  a l l  p a r a m e t e r s ,  
e x c e p t  p lasma v i s c o s i t y  when measurement  was made a t  t h e  p o s t n a t a l  
v i s i t .  These f i n d i n g s  a r e  i n  k e e p i n g  w i t h  t h e  p u b l i s h e d  e f f e c t s  
o f  smoking i n  n o n - p r e g n a n t  s u b j e c t s  ( 1 9 6 , 1 9 7 ) ,
The a l t e r a t i o n  i n  haem orh e o log y  p ro d u c e d  by smok ing  was much more 
p ron oun c ed  i n  t h e  f e t u s .  The who le  b l o o d  v i s c o s i t y  was e l e v a t e d  
because o f  t h e  r a i s e d  h a e m a t o c r i t  and reduced  e r y t h r o c y t e  d e fo rm ­
a b i l i t y ,  C h r o n i c  f e t a l  h y p o x i a  has been s u g g e s te d  as a s t i m u l u s  
f o r  e r y t h r o c y t e  p r o d u c t i o n  ( 1 5 1 , 1 9 8 )  and as w i t h  p o s t m a t u r e  i n f a n t s  
( C h a p t e r  5 ,  s e c t i o n  i i i ) ,  i t  i s  easy t o  see how a v i c i o u s  c i r c l e  
c o u l d  be s e t  up w i t h  c a rb on  monox ide c a u s i n g  f e t a l  h y p o x i a  l e a d i n g  
t o  s t i m u l a t i o n  o f  e r y t h r o p o i e s i s  and t h e r e f o r e  r a i s e d  h a e m a t o c r i t ,  
c a u s in g  i n c r e a s e d  v i s c o s i t y  o f  b l o o d  and hence re d u c e d  p l a c e n t a l  
p e r f u s i o n  l e a d i n g  t o  f u r t h e r  f e t a l  h y p o x i a .  I n  s u p p o r t  o f  t h i s  
h y p o t h e s i s ,  e l e v a t e d  e r y t h r o p o i e t i n  l e v e l s  ( 1 9 9 )  and e l e v a t e d  
h a e m a t o c r i t  have been r e p o r t e d  i n  c o r d  b l o o d  f rom b a b i e s  whose 
m o th e r s  smoked d u r i n g  p re g n a n cy  and i n  t h e  p r e s e n t  s t u d y  i n c r e a s e d  
who le  b l o o d  v i s c o s i t y  and d e c re a s e d  e r y t h r o c y t e  d e f o r m a b i l i t y  
c o m p le te  t h e  c i r c l e .
I n  c o n c l u s i o n ,  y e t  a n o t h e r  way i n  w h ic h  smoking may a f f e c t  f e t a l  
o x y g e n a t i o n  and n u t r i t i o n  has been d e m o n s t r a t e d .  H a e m o r h e o l o g i c a l  
f a c t o r s  o p e r a t e  i n  b o t h  t h e  m a t e r n a l  and f e t a l  s i d e s  o f  t h e  
p l a c e n t a l  c i r c u l a t i o n  and combined w i t h  t h e  p r i m a r y  t o x i c  e f f e c t s  
o f  n i c o t i n e  and c a rb o n  monoxide h e lp  e x p l a i n  t h e  p o o r  r e p r o d u c t i v e  
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T a b le  17 H a e m o r h e o l o g i c a l  P r o f i l e  o f  I n f a n t s  Born t o
C i g a r e t t e  Smoking and Non-sm ok ing  M o th e rs
Non-smokers Smokers S t a t i s t i c a lCompar ison
Number o f  S u b j e c t s 40 40
G e s t a t i o n a l  age 
(weeks ) 3 9 . 4  + 0 . 6 38 .7  + 0 . 8 ns
Mean +_ SO
B i r t h  W e ig h t  ( g ) 3215 + 210 2897 + 252 p < 0 . 0 1
Mean SO
H a e m a t o c r i t 0 ,4 9 6  + 0.031 0 ,5 58  + 0.041 p <  0 . 0 0 1
Mean ^  SO
Plasma V i s c o s i t y
( c e n t i p o i s e ) 1 ,47  0 , 3 4 1 .49 + 0 ,3 5 ns
Mean +. SO
Whole B lood
V i s c o s i t y
( c e n t i p o i s e ) 1 6 , 3  + 2 , 2 18 .7  + 2 .8 p < 0 . 0 2
Mean +. SO
E r y t h r o c y t e
D e f o r m a b i l i t y 0 ,7 9  + 0 . 1 0 0 ,6 5  i  0 .11 p < 0 . 0 2
I n d e x
Mean SO
S t a t i s t i c a l Compar ison u s i n g S t u d e n t ' s  t - t e s t
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CHAPTER 7
HAEMORHEOLOGICAL CHANGES IN PREGNANCY COMPLICATED 
BY PRE-ECLAMPSIA
S e c t i o n s
i )  INTRODUCTION
i i )  MATERNAL AND FETAL HAEMORHEOLOGY IN PRE-ECLAMPSIA
i i i )  DISCUSSION
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HAEMORHEOLOGICAL CHANGES IN PREGNANCY
COMPLICATED BY PRE-ECLAMPSIA
i )  INTRODUCTION
The c l i n i c a l  a s s o c i a t i o n  between p r e - e c l a m p s i a  and i n c r e a s e d  
p e r i n a t a l  m o r b i d i t y  and m o r t a l i t y  i s  w e l l  documented ( 2 0 0 , 2 0 1 ) ,  
b u t  t h e  e x a c t  a e t i o l o g y  o f  p r e - e c l a m p s i a  i s  co m p le x ,  w i t h  
s e v e r a l  d i f f e r e n t  p a t h o l o g i c a l  p r o c e s s e s  i n t e r a c t i n g  and 
c o m b in in g  t o  p r o d u c e  t h e  w i d e s p r e a d  changes seen i n  t h e  m o t h e r ,  
p l a c e n t a  and f e t u s .  A b n o r m a l i t i e s  o f  th e  i m m u n o l o g i c a l  r e l a t i o n ­
s h i p  between t h e  m a t e r n a l  h o s t  and t h e  f e t o - p l a c e n t a l  g r a f t  have 
been d e s c r i b e d  ( 2 0 2 ) ,  as have breakdown o f  t h e  n o r m a l  h a e m o s t a t i c  
mechanisms ( 2 0 3 ) ,  a b n o r m a l i t i e s  o f  t h e  r e n i n - a n g i o t e n s i n  system 
(2 0 4 )  and m o r p h o l o g i c a l  changes i n  t h e  u t e r o - p l a c e n t a l  v a s c u l a t u r e  
( 2 0 5 , 2 0 6 ) ,  A l t h o u g h  t h e  o r d e r  and i m p o r t a n c e  o f  t h e s e  a b n o r m a l i t i e s  
i n  th e  p a t h o g e n e s i s  o f  p r e - e c l a m p s i a  i s  n o t  c l e a r ,  t h e  end r e s u l t ,  
f rom t h e  f e t a l  p o i n t  o f  v i e w ,  i s  seen i n  t h e  b l o o d  s u p p l y  t o  t h e  
m i c r o v a s c u l a t u r e  o f  t h e  p l a c e n t a .
The a s s o c i a t i o n  between p r e - e c l a m p s i a  and r ed uc ed  i n t e r v i l l o u s  
b lo o d  f l o w  i s  w e l l  e s t a b l i s h e d  by c l i n i c a l  s t u d i e s  ( 2 0 7 - 2 0 9 ) .  McClu re  
Browne and Veal  ( 1 9 5 3 )  ( 2 0 7 ) ,  d e m o n s t r a te d  a 33 p e r  c e n t  r e d u c t i o n  i n  
i n t e r v i l l o u s  b lo o d  f l o w  i n  p a t i e n t s  w i t h  t o x a e m i a ,  M o r r i s  e t  a l  
( 19 55 )  (20 8 )  and o t h e r s  ( 2 0 9 )  i n d i c a t e d  t h a t  th e  s e v e r i t y  o f  p r e -  
e c la m p s ia  was p r o p o r t i o n a l  t o  t h e  degree  o f  r e d u c t i o n  i n  b l o o d  f l o w .  
I t  i s  n o t  c l e a r  f rom  th e s e  s t u d i e s  i f  t h e  p r e - e c l a m p s i a  o r  t h e  
re d uced  p l a c e n t a l  b l o o d  f l o w  comes f i r s t .
An im a l  e x p e r i m e n t s  have shown t h a t  a r t i f i c i a l  u t e r i n e  i s c h a e m i a ,  
i n d u c e d  by p a r t i a l  o c c l u s i o n  o f  t h e  u t e r i n e  a r t e r y  i n  p r e g n a n t  
a n i m a l s ,  p ro d u c e s  a s i t u a t i o n  w i t h  m a t e r n a l  and f e t a l  e f f e c t s  a lm o s t  
i d e n t i c a l  t o  p r e - e c l a m p s i a  ( 2 1 0 , 2 1 1 ) ,  U t e r o - p l a c e n t a l  i s c h a e m i a ,  as
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a b a s i c  a e t i o l o g i c a l  f a c t o r  i n  t h e  deve lop m en t  o f  p r e - e c l a m p s i a ,  
has been p o s t u l a t e d  f o r  many y e a r s  ( 2 1 2 - 2 1 4 ) ,
i i )  MATERNAL AND FETAL HAETORHEOLOGY IN PRE-ECLAMPSIA 
Whether  t h e  r e d u c t i o n  i n  u t e r o - p l a c e n t a l  b l o o d  f l o w  i s  p r i m a r y  
o r  s e c o n d a r y ,  t h i s  s t u d y  was d i r e c t e d  t o  i n v e s t i g a t e  t h e  
p o s s i b l e  i n v o l v e m e n t  o f  h a e m o r h e o l o g i c a l  f a c t o r s  a f f e c t i n g  b o th  
f e t a l  and m a t e r n a l  s i d e s  o f  t h e  p l a c e n t a l  c i r c u l a t i o n .
P a t i e n t s  and Methods
F i r s t l y ,  p a t i e n t s  d ia g n o s e d  as h a v in g  p r e - e c l a m p s i a  were i d e n t i f i e d  
i n  the  a n t e n a t a l  c l i n i c s .  The d i a g n o s i s  was made on t h e  b a s i s  o f  
a r i s e  i n  d i a s t o l i c  b l o o d  p r e s s u r e  o f  g r e a t e r  th a n  15 mm o f  m ercu ry  
above the  l e v e l  r e c o r d e d  i n  t h e  f i r s t  t r i m e s t e r  o f  p r e g n a n c y  and 
t h e  p r e s e n c e  o f  p r o t e i n u r i a  o r  oedema, i n  p a t i e n t s  w i t h  no known 
h i s t o r y  o f  r e n a l  o r  h y p e r t e n s i v e  d i s e a s e .  B lood  was ta k e n  f o r  
a n a l y s i s  b e f o r e  any s p e c i f i c  t r e a t m e n t  was s t a r t e d .  C o n t r o l  s u b j e c t s  
were matched  f o r  p a r i t y ,  a p p r o x im a te  w e i g h t ,  smoking h a b i t s  and 
g e s t a t i o n ,
S e c o n d ly ,  c o r d  b l o o d  was c o l l e c t e d  f rom 30 newborn i n f a n t s  d e l i v e r e d  
t o  m o th e rs  who had p r e - e c l a m p s i a  and f rom  30 g e s t a t i o n  matched c o n t r o l s .  
A l l  measurements were c a r r i e d  o u t  as d e s c r i b e d  i n  C h a p te r  2 ,
R e s u l t s
The h a e m o r h e o l o g i c a l  measurements o f  1 2 0  p a t i e n t s  who had p r e -  
e c la m p s ia  and 150 n o r m o t e n s i v e  c o n t r o l s  i n  c r o s s - s e c t i o n a l  s t u d y  
a r e  shown i n  T a b l e  18 ,  A l t h o u g h  t h e  p a t i e n t s  were a l l  c l a s s i f i e d  
as h a v in g  p r e - e c l a m p s i a ,  t h e  d e f i n i t i o n  used gave a l o w e r  l i m i t  
o n l y  and t h e r e  was a g r e a t e r  i n c i d e n c e  o f  more s e v e re  h y p e r t e n s i o n  
and p r o t e i n u r i a  i n  t h e  p a t i e n t s  a t  t h e  e a r l i e r  g e s t a t i o n s .  Twelve 
o f  t h e  p a t i e n t s  a t  32 weeks and 12 o f  th o s e  a t  34 weeks had p r o ­
t e i n u r i a ,  whereas o n l y  7 o f  t h o s e  a t  38 weeks and 2 o f  t h o s e  a t
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40 weeks had p r o t e i n u r i a .
At  32 weeks,  p a t i e n t s  w i t h  p r e - e c l a m p s i a  had e l e v a t e d  h a e m a t o c r i t  
( p \ " 0 , 0 l ) ,  p lasma f i b r i n o g e n  ( p \ 0 , 0 5 ) ,  p lasma and who le  b lo o d  
v i s c o s i t y  ( p < ^ 0 , 0 l )  and red uced  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  
( p \  0 , 0 5 )  .
At  34 weeks t h e r e  was s t i l l  e l e v a t e d  h a e m a t o c r i t  ( p < ^ 0 , 0 5 ) ,  p lasma 
f i b r i n o g e n  ( p < G , 0 5 ) ,  p lasma  and who le  b l o o d  v i s c o s i t y  ( p < ^ 0 , 0 l )  
and re d u c e d  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  ( p < ( 0 . 0 5 ) .
At  36 weeks t h e  o n l y  p a r a m e te r s  t o  be s i g n i f i c a n t l y  a f f e c t e d  were 
p lasma v i s c o s i t y  ( p \ 0 , 0 5 )  and w ho le  b lo o d  v i s c o s i t y  ( p < ^ 0 , 0 l ) ,  
b o th  o f  w h ic h  were e l e v a t e d .
At  38 and 40 weeks o n l y  t h e  who le  b l o o d  v i s c o s i t y  was s t i l l  r a i s e d  
( p < ^ 0 , 0 5 )  i n  t h e  p r e - e c l a m p t i c  s u b j e c t s .
The f e t a l  b l o o d  measurements  a r e  s e t  o u t  i n  T a b l e  19 ,  The i n f a n t s  
bo rn  t o  p r e - e c l a m p t i c  m o th e r s  had a red uc ed  mean b i r t h  w e i g h t  
( p - \ 0 , 0 5 ) ,  e l e v a t e d  h a e m a t o c r i t  ( p < ^ 0 , 0 l )  and r a i s e d  who le  b lo o d  
v i s c o s i t y  ( p < ^ 0 , 0 l ) .  N e i t h e r  p lasma v i s c o s i t y  n o r  E r y t h r o c y t e  
D e f o r m a b i l i t y  I n d e x  was s i g n i f i c a n t l y  d i f f e r e n t ,
i i i )  DISCUSSION
Eahraeus (1 962 )  (2 1 5 )  d e s c r i b e d  e c la m p s ia  as ' a d i s e a s e  o f  t he  
checked  m i c r o c i r c u l a t i o n ’ , C e r t a i n l y  t h e  r e s u l t s  o f  t h i s  s t u d y  
wou ld  i n d i c a t e  t h a t ,  i n  p r e - e c l a m p s i a ,  h a e m o r h e o l o g i c a l  f a c t o r s  
a r e  a l t e r e d  i n  such a way as t o  i n c r e a s e  p e r i p h e r a l  r e s i s t a n c e ,  
e l e v a t e  b lo o d  p r e s s u r e  and re d u c e  b lo o d  f l o w  i n  t h e  m i c r o c i r c u l a t i o n .  
I n d e p e n d e n t  o f  any v a s c u l a r  c o n s t r i c t i o n ,  t h e  i n c r e a s e d  who le  b lo o d  
and p lasma v i s c o s i t y  and red uc ed  e r y t h r o c y t e  d e f o r m a b i l i t y  seen i n  
m a t e r n a l  b l o o d  i n  p r e - e c l a m p s i a  wou ld  r e d u c e  i n t e r v i l l o u s  b lo o d  
f l o w ,  A 10 p e r  c e n t  i n c r e a s e  i n  who le  b lo o d  v i s c o s i t y  causes  a
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20 p e r  c e n t  r e d u c t i o n  i n  p e r i p h e r a l  b l o o d  f l o w  ( 3 2 ) ,
The e l e v a t i o n  i n  m a t e r n a l  h a e m a t o c r i t  i n  p r e - e c l a m p s i a  has been 
p r e v i o u s l y  r e p o r t e d  ( 1 5 1 ) ,  as has t h e  e l e v a t i o n  i n  f i b r i n o g e n  
( 2 0 3 , 2 1 5 )  and p lasm a v i s c o s i t y  ( 2 1 6 ) ,  H e i lm a nn ,  M a t t h e c k  and 
Kurz  (1 9 7 7 )  ( 1 3 9 )  i n v e s t i g a t e d  t h e  hae ino rheo logy  o f  27 women 
w i t h  p r e - e c l a m p s i a  and fo u n d  an i n c r e a s e  i n  r e l a t i v e  b l o o d  
v i s c o s i t y  and a r e d u c t i o n  i n  e r y t h r o c y t e  d e f o r m a b i l i t y .
The cause o f  t h e  o b s e r v e d  phenomena i s  n o t  c l e a r .  C e r t a i n l y  an 
i n c r e a s e  i n  h a e m a t o c r i t  may be due t o  t h e  r e d u c t i o n  i n  p lasma  
volume seen i n  p a t i e n t s  w i t h  p r e - e c l a m p s i a  ( 2 1 7 ) ,  I n c r e a s e d  
p lasma v i s c o s i t y  i s  r e l a t e d  t o  r a i s e d  f i b r i n o g e n  l e v e l s  and a l s o  
t o  an i n c r e a s e  i n  i m m u n o g l o b u l i n s  w h ich  o c c u r s  i n  p r e - e c l a m p s i a  
( 2 1 6 ) ,  Loss  o f  w a te r  f rom t h e  i n t r a v a s c u l a r  com par tm en t  due to  
abnormal  c a p i l l a r y  p e r m e a b i l i t y  ( 2 1 7 )  may e x p l a i n  t h e  a l t e r a t i o n s  
i n  a l l  h a e m o r h e o l o g i c a l  p a r a m e t e r s  i n  p r e - e c l a m p s i a  w i t h o u t  
i m p l i c a t i n g  i n c r e a s e d  p r o d u c t i o n  o f  any f a c t o r .  The p r o t e i n  
c o n c e n t r a t i o n  does n o t  r i s e  because t h e  a lb u m in  t r a v e l s  w i t h  t h e  
w a te r  l e a v i n g  o n l y  t h e  h i g h e r  m o l e c u l a r  w e i g h t  g l o b u l i n s .
The r e l a t i o n s h i p  between h y p e r v i s c o s i t y  and d i s s e m i n a t e d  i n t r a -  
v a s c u l a r  c o a g u l a t i o n  i s  one f o r  s p e c u l a t i o n  a t  p r e s e n t .  S low ing  
o f  t h e  m i c r o c i r c u l a t i o n  due t o  h y p e r v i s c o s i t y  l e a d i n g  t o  f u r t h e r  
h y p o x i a  and h y p e r v i s c o s i t y  w i l l  p r e d i s p o s e  t o  t h e  f o r m a t i o n  o f  
t h r o m b i  i n  t h e  m i c r o v a s c u l a t u r e .  T h i s  p r o c e s s  w i l l  o p e r a t e  n o t  
o n l y  i n  t h e  p l a c e n t a  b u t  i n  m a t e r n a l  o r g a n s  such as t h e  l i v e r ,  
k i d n e y s  and b r a i n  w h ic h  a r e  a l l  a f f e c t e d  by m i c r o v a s c u l a r  c o a g u l a t i o n  
i n  e c la m p s ia  ( 2 1 8 ) ,
Whereas t h e  m a t e r n a l  b l o o d  samples  were t a k e n  b e f o r e  t h e r a p y  was 
s t a r t e d ,  t h e  f e t a l  b l o o d  was c o l l e c t e d  a f t e r  t h e  m o th e r  had been 
t r e a t e d  f o r  a v a r i a b l e  p e r i o d  o f  t i m e .  The f e t u s  had a l s o  been
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exposed t o  t h e  h y p o t e n s i v e  and a n t i c o n v u l s a n t  t h e r a p y  g i v e n  to  
t h e  m o the r  and t o  t h e  r i g o u r s  o f  l a b o u r  i t s e l f .  I n  t h e s e  
r e s p e c t s  t h e  f e t a l  samples  f rom p r e - e c l a m p t i c  m o th e r s  d i f f e r e d  
f rom t h e  c o n t r o l s .
The o n l y  c o n s i s t e n t  e f f e c t  o f  p r e - e c l a m p s i a  on f e t a l  haem or -  
h e o lo g y  was an i n c r e a s e  i n  t h e  w ho le  b lo o d  v i s c o s i t y  due to  
e l e v a t e d  h a e m a t o c r i t .  W a lk e r  and T u r n b u l l  (19 53 )  (1 5 1 )  p roposed  
t h a t  f e t a l  h y p o x i a ,  due t o  p l a c e n t a l  i n s u f f i c i e n c y  f rom w h a te v e r  
cause ,  caused  a s ec on da ry  p o l y c y t h a e m i a ,  and t h i s  may be t h e  main 
h a e m o r h e o l o g i c a l  consequence  o f  m a t e r n a l  p r e - e c l a m p s i a .  I f ,  
however ,  f e t a l  h y p o x i a  became more p ro n o u n c e d ,  due t o  e i t h e r  a 
w o r s e n in g  m a t e r n a l  p r e - e c l a m p s i a  o r  t h e  o n s e t  o f  l a b o u r ,  th e n  a 
d e t e r i o r a t i n g  h a e m o r h e o l o g i c a l  s i t u a t i o n  c o u l d  d e v e l o p ,  w i t h  
dec reased  e r y t h r o c y t e  d e f o r m a b i l i t y  ( C h a p t e r  5 ,  s e c t i o n  i i ) ,  
h y p e r c o a g u l a b i l i t y  ( 2 1 9 , 2 2 0 )  and e l e v a t e d  who le  b l o o d  v i s c o s i t y .
The s i t u a t i o n  i s  t h e n  r i p e  f o r  a c u t e  f e t a l  d i s t r e s s  and f o r  
t h r o m b o s i s  and haem or rhage a t  v u l n e r a b l e  a re a s  o f  t h e  f e t a l  
c i r c u l a t i o n .
I n  c o n c l u s i o n ,  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  some commonly used 
t r e a t m e n t  r e g im e s  used i n  t h e  management o f  p r e - e c l a m p s i a  have a 
h a e m o r h e o l o g i c a l  b a s i s  t o  t h e i r  a c t i o n s .  The r e s t o r a t i o n  o f  
no rm a l  p lasma vo lume w i t h  s a l t  p o o r  human a lb u m in  ( 2 2 1 , 2 2 2 ) o r  
Rheomacrodex (2 23 )  has been shown t o  im p r o v e  f e t a l  outcome and 
m a t e r n a l  r e n a l  f u n c t i o n  i n  p r e - e c l a m p s i a ,  by i n c r e a s i n g  p e r ­
i p h e r a l  b l o o d  f l o w  due t o  r e d u c t i o n  i n  p lasma v i s c o s i t y ,  h a e m a t o c r i t  
and who le  b lo o d  v i s c o s i t y .  I n  o r d e r  t o  a v o i d  o v e r l o a d i n g  o f  t h e  
c i r c u l a t i o n  w h i l e  g i v i n g  p lasma vo lume e x p a n d e r s ,  c e n t r a l  venous 
p r e s s u r e  m o n i t o r i n g  i s  e s s e n t i a l  ( 2 2 2 , 2 2 3 ) ,  A n o t h e r  common 
t r e a t m e n t  o f  p r e - e c l a m p s i a  i s  t o  g i v e  t h i a z i d e  d i u r e t i c s .  These 
w i l l  f u r t h e r  re duc e  p lasma vo lume ( 2 2 4 , 2 2 5 ) ,  i n c r e a s e  h a e m a t o c r i t ,
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plasma and w ho le  b lo o d  v i s c o s i t y ,  and on th e  b a s i s  o f  t h e s e  changes 
would be e x p e c te d  t o  red uc e  p l a c e n t a l  b l o o d  f l o w .  An i n c r e a s i n g  
number o f  c l i n i c a l  s t u d i e s  ( 2 2 6 , 2 2 7 )  have shown t h a t  d i u r e t i c  
t h e r a p y  i s  n o t  o n l y  u n h e l p f u l  i n  t h e  t r e a t m e n t  o f  p r e - e c l a m p s i a  
b u t  may, i n  f a c t ,  be d e t r i m e n t a l  and t h e r e  i s  c e r t a i n l y  a good 
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T a b le  19 H a e m o r h e o l o g i c a l  P r o f i l e  o f  I n f a n t s  Born t o  M o th e rs
W i th  P r e - e c l a m p t i c  Toxaemia and N o r m o te n s i v e  C o n t r o l s  -  
C r o s s - s e c t i o n a l  S tudy
N o r m o te n s i  ve P r e - e c l a m p t i c S t a t i s t i c a l
C o n t r o l s P a t i e n t s Compar ison
Number o f  S u b j e c t s 30 30
G e s t a t i o n a l  age
(weeks ) 3 6 .8  + 0 . 6 3 6 .3  +. 0 . 7 ns
Mean +_ SO
B i r t h  W e igh t  ( g ) 3175 + 209 2885 + 215 p 0 .0 5
Mean _+ SO
H a e m a t o c r i t  
Mean +_ SO
0 .4 7 7  _+ 0 .0 2 4 0 . 5 3 7  + 0 . 0 3 7 p 0 . 0 1
Plasma V i s c o s i t y
( c e n t i p o i s e ) 1 .4 2  + 0 .3 0 1 .55  + 0 . 3 4 ns
Mean _+ SO
Whole B lo od  V i s c o s i t y
( c e n t i p o i s e ) 15 .8  + 1 .9 17 .9  1. 2 .1 p 0 . 0 1
Mean +_ SO
E r y t h r o c y t e
D e f o r m a b i l i t y
I n d e x
0 . 7 2  + 0 .1 0 0 . 6 7  _+ 0.11 ns
S t a t i s t i c a l  Compar ison U s ing  S t u d e n t ' s  t - t e s t
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HAEMORHEOLOGICAL CHANGES IN PREGNANCY 
COMPLICATED BY ESSENTIAL HYPERTENSION
i )  INTRODUCTION
E s s e n t i a l  h y p e r t e n s i o n ,  u n l e s s  i t  i s  s e v e r e  o r  f u r t h e r  c o m p l i c a t e d  
by s upe r im pos e d  p r e - e c l a m p s i a ,  c a r r i e s  a good f e t a l  p r o g n o s i s  
( 2 2 8 , 2 2 9 ) .
The h a e m o r h e o l o g i c a l  consequences  o f  h y p e r t e n s i o n  have been l i t t l e  
s t u d i e d .  D i n t e n f a s s  and G i r o l a m i  ( 1 9 7 8 )  (2 30 )  n o t e d  an i n c r e a s e  
i n  re d  c e l l  r i g i d i t y  i n  h y p e r t e n s i v e  p a t i e n t s *  T i b b l i n  e t  a l  
(1965 and 1966) ( 2 3 1 , 2 3 2 )  o b s e r v e d  t h a t  h y p e r t e n s i v e  p a t i e n t s  had 
an e l e v a t e d  h a e m a t o c r i t ,  p lasma and w ho le  b lo o d  v i s c o s i t y  and a 
reduced  p lasma vo lum e .  They s u g g e s te d  t h a t  t h e r e  was an i n c r e a s e d  
l e a k a g e  o f  w a t e r  f rom  t h e  i n t r a v a s c u l a r  com par tm en t  w i t h  h y p e r t e n s i o n  
r e s u l t i n g  i n  r edu c ed  p lasma vo lume and s ec o nda ry  h y p e r v i s c o s i t y ,  
s i m i l a r  t o  t h e  mechanism p o s t u l a t e d  i n  t h e  p r e v i o u s  c h a p t e r  o f  t h i s  
t h e s i s  t o  e x p l a i n  t h e  h y p e r v i s c o s i t y  o f  p r e - e c l a m p s i a .
i i )  MATERNAL AND FETAL HAEMORHEOLOGY IN ESSENTIAL 
HYPERTENSION
T h i s  s t u d y  was c a r r i e d  o u t  t o  o b s e r v e  t h e  e f f e c t ,  i f  an y ,  o f  
e s s e n t i a l  h y p e r t e n s i o n  on t h e  haem orheo logy  o f  t h e  m o th e r  d u r i n g  
th e  t h i r d  t r i m e s t e r  o f  p reg nan cy  and o f  th e  f e t u s  a t  b i r t h .
P a t i e n t s  and Methods
F i r s t l y ,  20 h y p e r t e n s i v e  p a t i e n t s  were i d e n t i f i e d  f o l l o w i n g  t h e i r  
f i r s t  v i s i t  t o  t h e  a n t e n a t a l  c l i n i c  and were f o l l o w e d  up w i t h  s e r i a l  
b l o o d  s a m p le s ,  as w e l l  as t h e  r o u t i n e  a n t e n a t a l  c a r e  f rom 30 weeks 
u n t i l  d e l i v e r y .  E s s e n t i a l  h y p e r t e n s i o n  was d i a g n o s e d  on t h e  b a s i s  
o f  a r e s t i n g  b lo o d  p r e s s u r e  o f  140 /9 0  mm o f  m e r c u r y  o r  g r e a t e r  i n  
t h e  f i r s t  t r i m e s t e r  o f  p r e g n a n c y ,  i n  t h e  absence o f  r e n a l  o r  o t h e r  
c a u s a t i v e  d i s e a s e .  None o f  t h e  p a t i e n t s  were t a k i n g  h y p o t e n s i v e  t h e r a p y
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S e c o n d ly ,  25 i n f a n t s  bo rn  t o  m o th e r s  w i t h  e s s e n t i a l  h y p e r t e n s i o n  
and 25 c o n t r o l  i n f a n t s  bo rn  t o  n o r m o t e n s i v e  m o th e rs  had b lo o d  
sampled f rom  t h e  u m b i l i c a l  c o r d  v e i n  a t  b i r t h .
H a e m o r h e o lo g i c a l  methods  were as d e s c r i b e d  i n  C h ap te r  2 ,
R e s u l t s
A l l  t h e  p r e g n a n t  women had b l o o d  p r e s s u r e s  v a r y i n g  between 
14 0 /90  and 1 5 0 / l 0 5  mm o f  m e r c u r y  and p r i o r  t o  t h e  o n s e t  o f  
l a b o u r  none r e q u i r e d  r e g u l a r  h y p o t e n s i v e  t h e r a p y .  No p a t i e n t  
had p r o t e i n u r i a .
The h a e m o r h e o l o g i c a l  p a r a m e t e r s  i n  t h e  20 h y p e r t e n s i v e  p a t i e n t s  
and 20 c o n t r o l s  a r e  s e t  o u t  i n  T a b le  2 0 .  The o n l y  d i f f e r e n c e  
between t h e  two g r o u p s  was a s l i g h t l y  e l e v a t e d  p lasma v i s c o s i t y  
i n  t h e  h y p e r t e n s i v e  group  a t  40 weeks.  I t  was common p o l i c y  t o  
i n d u c e  l a b o u r  i n  h y p e r t e n s i v e  p a t i e n t s  between 38 and 39 weeks ’ 
g e s t a t i o n  and o n l y  h a l f  t h e  o r i g i n a l  reached  t h e i r  f o r t i e t h  week.
F e t a l  h a e m o r h e o l o g i c a l  p r o f i l e s  a r e  shown i n  T a b le  2 1 .  The re  was 
no d i f f e r e n c e  i n  b i r t h  w e i g h t  o r  i n  any o f  t h e  h a e m o r h e o l o g i c a l  
p a r a m e t e r s  measured between t h e  two g r o u p s .
i i i )  DISCUSSION
The r i s e  i n  h a e m a t o c r i t  w i t h  h y p e r t e n s i o n  fo und  by T i b b l i n  e t  a l  
(1965)  ( 2 3 1 )  i s  more th a n  o f f s e t  by t h e  ' p h y s i o l o g i c a l  anaemia '  o f  
p re gna n cy  i n  t h e  m i l d  h y p e r t e n s i v e s  who were t h e  s u b j e c t  o f  t h i s  
s t u d y .  S i m i l a r l y ,  t h e  r edu c ed  p lasma vo lum e,  i n c r e a s e d  p lasma and 
who le  b l o o d  v i s c o s i t y  ( 2 3 1 , 2 3 2 )  and t h e  dec rea s ed  e r y t h r o c y t e  
d e f o r m a b i l i t y  (2 30 )  p r e v i o u s l y  r e p o r t e d  i n  h y p e r t e n s i o n  i n  n o n -  
p r e g n a n t  s u b j e c t s  a r e  swamped by t h e  r e l a t i v e l y  l a r g e  p h y s i o l o g i c a l  
change t h a t  t a k e s  p l a c e  i n  n o rm a l  p regn an cy  ( C h a p t e r  4 ,  s e c t i o n  i i ) .
Whether  o r  n o t  t h e  h a e m o r h e o l o g i c a l  p i c t u r e  w ou ld  be d i f f e r e n t  i n
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sev e re  h y p e r t e n s i v e s  d u r i n g  p regn an c y  i s  a m a t t e r  o f  c o n j e c t u r e ,  
b u t  as s e v e r e  h y p e r t e n s i o n  does cause p l a c e n t a l  i n s u f f i c i e n c y  
and f e t a l  g r o w th  r e t a r d a t i o n ,  i t  i s  w o r th  f u r t h e r  i n v e s t i g a t i n g  
t h i s  p r o b l e m .  F o r t u n a t e l y ,  t h e r e  a r e  r e l a t i v e l y  few p a t i e n t s  
i n  t h i s  s e v e r e l y  h y p e r t e n s i v e  c a t e g o r y .
The l a c k  o f  h a e m o r h e o l o g i c a l  change i n  p re gna n cy  c o m p l i c a t e d  by 
m i l d  e s s e n t i a l  h y p e r t e n s i o n  i s  i n  a c c o r d  w i t h  t h e  c l i n i c a l l y  
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T a b l e  21 H a e m o r h e o l o g i c a l  P r o f i l e  o f  I n f a n t s  Born to  M o th e rs  
W i t h  E s s e n t i a l  H y p e r t e n s i o n  and N o r m o te n s i v e  C o n t r o l s  
C r o s s - s e c t i o n a l  Study
N o r m o te n s i v e  H y p e r t e n s i v e  S t a t i s t i c a l
C o n t r o l s  P a t i e n t s  Compar ison
Number o f  S u b j e c t s  25 25
G e s t a t i o n a l  age
(weeks ) 3 7 .8 + 0 . 5 3 7 .5 + 0 . 6 ns
Mean +_ SD
B i r t h  W e ig h t  ( g ) 3107 + 2 0 1 3010 + 285 ns
Mean ^  SD
H a e m a t o c r i t 0 .4 8 5 + 0 .0 3 2 0 .4 9 3 + 0 . 0 3 5 ns
Mean +_ SD
Plasma V i s c o s i t y
( c e n t i p o i s e ) 1 .46 + 0 .3 3 1 .48 + 0 . 3 4 ns
Mean +_ SD
Whole B loo d  V i s c o s i t y
( c e n t i p o i s e ) 1 6 .5 + 2 . 4 16 .7 + 2 . 6 ns
Mean _+ SD
E r y t h r o c y t e
D e f o r m a b i l i t y
I n d e x
0 ,7 5 + 0 . 1 1 0 . 7 3 •f 0 . 1 0 ns
Mean SD
S t a t i s t i c a l  Compar ison U s ing  S t u d e n t ' s  t - t e s t
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HAEMORHEOLOGICAL CONSEQUENCES OF FETAL ASPHYXIA
i )  INTRODUCTION
I n  s p i t e  o f  t h e  s o p h i s t i c a t e d  a n t e n a t a l ,  i n t r a p a r t u m  and n e o n a t a l  
m o n i t o r i n g  t e c h n i q u e s  d e s ig n e d  t o  a l e r t  t h e  c l i n i c i a n  to  s i g n s  
o f  f e t a l  o r  n e o n a t a l  a s p h y x i a ,  h y p o x i c  b r a i n  i n j u r y  re m a in s  a 
m a jo r  cause  o f  p e r i n a t a l  d e a th  o r  l a t e r  n e u r o l o g i c a l  d i s a b i l i t y  
( 2 3 3 , 2 3 4 ) .  H i s t o l o g i c a l  e v id e n c e  i n d i c a t e s  t h a t  n e a r l y  a l l  
i n f a n t s  d y i n g  w i t h i n  t h e  f i r s t  few days a f t e r  b i r t h  have h y p o x i c  
b r a i n  i n j u r y  ( 2 3 5 ) .  Computer  a s s i s t e d  tomography has r e v e a l e d  
t h a t  more th a n  40 p e r  c e n t  o f  p r e t e r m  n e o n a te s ,  w i t h  a b i r t h  w e i g h t  
o f  l e s s  th a n  1500 G, have c e r e b r a l  b l e e d s  i n  t h e  f i r s t  t h r e e  o r  
f o u r  days o f  e x t r a u t e r i n e  l i f e ,  b u t  o n l y  25 p e r  c e n t  o f  cases  a re  
f a t a l  and many p r e t e r m  i n f a n t s  w i t h  c e r e b r a l  b l e e d s  rem a in  symptom- 
l e s s  o r  s u b s e q u e n t l y  d e v e lo p  c o m m u n ic a t in g  h y d r o c e p h a l u s  (2 3 6 ,  2 37 ) ,
The a n a t o m i c a l  d i s t r i b u t i o n  o f  t h e s e  h y p o x i c  v a s c u l a r  i n j u r i e s  i s  
t h o u g h t  t o  be d e t e r m i n e d  p r i m a r i l y  by t h e  v a s c u l a r  s u p p l y  t o  t h e s e  
r e g i o n s .  They a r i s e  i n  t h e  b o r d e r  zones between t h e  end f i e l d s  o f  
t he  p e n e t r a t i n g  b r a n c h e s  o f  t h e  m i d d l e  c e r e b r a l  a r t e r y  and o f  sub­
ependymal  b r a n c h e s  o f  t h e  c h o r o i d a l  v e s s e l s  ( 2 3 8 , 2 3 9 ) ,  Nec ropsy  
dye i n j e c t i o n  s t u d i e s  o f  Hambleton  and W ig g l e s w o r t h  (1 976 )  (240)  
showed t h a t  t h e  b l e e d i n g  u s u a l l y  o r i g i n a t e d  f rom t h e  c a p i l l a r i e s  
i n  t h e s e  r e g i o n s .
The p a t h o g e n e s i s  o f  h y p o x i c  haem orrhage re m a in s  s p e c u l a t i v e .  Many 
w o r k e r s  have s o u g h t  t o  show a r e l a t i o n s h i p  between h y p o x i c  a c i d o s i s  
and c o a g u l a t i o n  f a i l u r e  ( 2 4 1 - 2 4 3 ) ,  b u t  C h esse ls  and W i g g l e s w o r t h  
(1972 )  ( 2 4 1 )  c o n c l u d e  t h a t  h a e m o s t a t i c  f a i l u r e  i s  s ec ond a ry  and 
t h a t  a v o id a n c e  o f  h y p o t h e r m i a  and c o r r e c t i o n  o f  a c i d o s i s  a re  more 
i m p o r t a n t  t han  t r e a t i n g  h a e m o s t a t i c  a b n o r m a l i t i e s .
Recen t  work by Lou ,  Lassen  and F r i i s - H a n s e n  (1979)  ( 2 4 4 , 2 4 5 )  has
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shown t h a t  a s p h y x i a t e d  ne o n a te s  have b o th  a m a r k e d l y  re d uce d  
c e r e b r a l  b l o o d  f l o w ,  and a l o s s  o f  t h e  no rm a l  a u t o r e g u l a t o r y  
c o n t r o l .  I n  t h e  absence o f  v a s c u l a r  a u t o r e g u l a t i o n ,  haemo­
r h e o l o g i c a l  f a c t o r s  become o f  p r im e  i m p o r t a n c e  ( C h a p t e r  1 ,  
s e c t i o n  i i ) ,
The f o l l o w i n g  i n  v i t r o  and i n  v i v o  s t u d i e s  were d e s ig n e d  to  
i n v e s t i g a t e  t h e  e f f e c t  o f  h y p o x i c  a c i d o s i s  on e r y t h r o c y t e  
d e f o r m a b i l i t y ,  and combined w i t h  d a t a  f rom e a r l i e r  c h a p t e r s  
on t h e  e f f e c t  o f  pH change on w h o le  b l o o d  and p lasm a v i s c o s i t y ,  
form t h e  b a s i s  f o r  a h y p o t h e s i s  f o r  t h e  p a t h o g e n e s i s  o f  h y p o x i c  
b r a i n  i n j u r y .
i i )  IN VITRO EXPERIMENTS DIM THE EFFECT OF HYPOXIC 
ACIDOSIS ON ERYTHROCYTE DEFORMABILITY
M a t e r i a l s  and Methods
T h i r t y  10 ml a l i q u o t s  o f  e r y t h r o c y t e  s u s p e n s io n  p r e p a r e d  f o r  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  measurement  f rom f e t a l  b l o o d .
Ten a l i q u o t s  were i n c u b a t e d  a t  each pH l e v e l  ( 7 . 4 ,  7 ,1  and 6 , 8 ) 
f o r  f o u r  h o u r s  and th e n  t h e  pH o f  a l l  a l i q u o t s  was r e a d j u s t e d  
t o  7 . 4  f o r  a f u r t h e r  h o u r .  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  
measurements were made on each a l i q u o t  a f t e r  one,  t w o ,  f o u r  
and f i v e  h o u r s ’ i n c u b a t i o n .  At  each s a m p l i n g  t i m e  t h e  pH was 
checked and a d j u s t m e n t  o f  t h e  ca rb o n  d i o x i d e  -  oxygen m i x t u r e  
made as n e c e s s a r y .  The pH a d j u s t m e n t s  and E r y t h r o c y t e  D e f o r m a b i l i t y  
I n d e x  measuremen ts  were made as d e s c r i b e d  i n  C h a p te r  2 .
R e s u l t s
The E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  measurements i n  t h e  samples 
a re  shown i n  T a b l e  2 2 .  Decrease  i n  pH was a s s o c i a t e d  a t  each 
measurement  t im e  w i t h  a s i g n i f i c a n t  d ec rea se  i n  t h e  E r y t h r o c y t e  
D e f o r m a b i l i t y  I n d e x  ( p < 0 , 0 0 1 ) .  The t i m e  o f  i n c u b a t i o n  a l s o
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a f f e c t e d  th e  d e f o r m a b i l i t y  a t  each pH l e v e l ,  w i t h  a s i g n i f i c a n t l y  
l o w e r  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  a f t e r  f o u r  h o u r s '  i n c u b a t i o n  
a t  pH 7 . 4  ( p < 0 . D 5 ) ,  pH 7.1 ( p < O . O D l )  and pH 6 . 8  ( p <  0 . 0 0 1 ) .  
R e i n c u b a t i o n  o f  a n o x i c  e r y t h r o c y t e s  a t  a pH o f  7 , 4  f o r  one f u r t h e r  
hour  r e s u l t e d  i n  a r e t u r n  o f  th e  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  
t o  t h e  same l e v e l  as e r y t h r o c y t e s  t h a t  had been a t  pH 7 . 4  f o r  t h e  
f u l l  f i v e  h o u r s .
F i g u r e  27 i s  a r e p e a t  o f  F i g u r e  26 ( C h a p t e r  5 ,  s e c t i o n  i i )  and 
shows t h e  e f f e c t  o f  pH change on a d u l t  and f e t a l  e r y t h r o c y t e  
d e f o r m a b i l i t y ,
F i g u r e  28 i s  a r e p e a t  o f  F i g u r e  18 ( C h a p t e r  2 ,  s e c t i o n  i i i )  and 
shows t h e  e f f e c t  o f  pH change on p lasma v i s c o s i t y .  E r y t h r o c y t e  
F i l t r a t i o n  Rate and E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x ,
i i i )  ERYTHROCYTE DEFORMABILITY CHANGES IN CLINICAL 
FETAL ASPHYXIA
P a t i e n t s  and Methods
B lood  was c o l l e c t e d  f r om  30 n e o n a te s  who were d e l i v e r e d  f o l l o w i n g  
c a r d i o - t o c o g r a p h i c  e v id e n c e  o f  f e t a l  d i s t r e s s .  The h a e m a t o c r i t ,  pH 
and E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  were measured i n  c o r d  b l o o d .
R e s u l t s
The c o r d  b l o o d  pH and E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  a r e  shown i n  
F i g u r e  2 9 ,  Compar ing  t h e  r e d u c t i o n  o f  E r y t h r o c y t e  D e f o r m a b i l i t y  
I n d e x  i n  v i v o  ( F i g u r e  29) w i t h  t h a t  i n  v i t r o  ( F i g u r e  27)  w i t h  
d e c r e a s i n g  pH l e v e l s  g i v e s  a good c o m p a r i s o n ,  w i t h  s i m i l a r  degrees  
o f  r e d u c t i o n  i n  b o th  s i t u a t i o n s .
The mean h a e m a t o c r i t  o f  t h e  30 samples was 0 , 5 9 7 ,  SO 0 . 0 4 8 .  Compar ison 
w i t h  t h e  h a e m a t o c r i t s  i n  i n f a n t s  o f  s i m i l a r  g e s t a t i o n a l  ages ,  as 
shown i n  T a b le  14 ( C h a p t e r  5 ,  s e c t i o n  i i i ) ,  shows t h a t  t h e s e  i n f a n t s
140
who showed e v id e n c e  o f  f e t a l  d i s t r e s s  i n  l a b o u r  had a s i g n i f i c a n t l y  
h i g h e r  h a e m a t o c r i t  ( p ^  0 , 0 0 1 ) ,
i v )  DISCUSSION
The i n  v i t r o  s e c t i o n  o f  t h i s  s t u d y  f u r t h e r  i l l u s t r a t e s  t h e  sens­
i t i v i t y  o f  f e t a l  e r y t h r o c y t e s  t o  h y p o x i c  a c i d o s i s  shown i n  C h a p te r  
5 ,  s e c t i o n  i i .  T h i s  r e d u c t i o n  i n  d e f o r m a b i l i t y  i s ,  how eve r ,  a 
r e v e r s i b l e  phenomenon,  as shown i n  T a b le  2 2 ,  T h i s  r e v e r s i b i l i t y  
o f  de c re a s e d  e r y t h r o c y t e  d e f o r m a b i l i t y  has been shown i n  s e v e r a l  
s t u d i e s  on s t o r e d  b l o o d  bank spec im ens  and i s  due t o  t h e  h i g h l y  
s e n s i t i v e  m e t a b o l i c  dependency o f  t h e  e r y t h r o c y t e  membrane enzyme 
systems ( 2 4 5 , 2 4 7 ) .
The c l i n i c a l  s t u d y  c o n f i r m s  t h e  i n  v i t r o  e f f e c t s  o f  a c i d o s i s  on 
e r y t h r o c y t e  d e f o r m a b i l i t y  and c o n f i r m s  p r e v i o u s  o b s e r v a t i o n s  t h a t  
i n f a n t s  who e x h i b i t  f e t a l  d i s t r e s s  i n  l a b o u r  have h i g h e r  co rd  
h a e m a t o c r i t  l e v e l s  ( 1 5 1 ) ,  T h i s  i n d i c a t e d  t h a t  many o f  t h e s e  
i n f a n t s  have been u n d e r  c h r o n i c  h y p o x i c  s t r e s s  f o r  some t i m e  b e f o r e  
th e  o n s e t  o f  l a b o u r ,  and t h e  s t r e s s  o f  l a b o u r  has e x a c e r b a t e d  an 
a l r e a d y  compromised  h y p o x i c  s t a t e .
The c l i n i c a l  i m p l i c a t i o n s  o f  t h i s  s t u d y  a r e  i n t e r e s t i n g  and a 
h y p o t h e s i s  f o r  a p o s s i b l e  mechanism whereby h y p o x i c  a c i d o s i s  
may cause  i n t r a c e r e b r a l  and i n t r a v e n t r i c u l a r  haem orrhage can be 
c o n s t r u c t e d .
H yp ox ic  a c i d o s i s  by c a u s i n g  a p rono un c ed  d ec re as e  i n  e r y t h r o c y t e  
d e f o r m a b i l i t y  ( f i g u r e s  27 ,  28 and 29)  and an i n c r e a s e  i n  who le  
b lo o d  v i s c o s i t y ,  t h r o u g h  t h i s  a c t i o n  on e r y t h r o c y t e  d e f o r m a b i l i t y ,  
i n  a s s o c i a t i o n  w i t h  an a l r e a d y  e l e v a t e d  h a e m a t o c r i t  i n  t h e  case o f  
g ro w th  r e t a r d e d  f e t u s e s ,  w i l l  c r e a t e  a s i t u a t i o n  o f  h y p e r v i s c o s i t y  
w h i c h ,  when combined w i t h  t h e  a l r e a d y  lo w e r e d  c e r e b r a l  b l o o d  f l o w .
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l a c k  o f  a u t o r e g u l a t i o n  and h y p o t e n s i o n  o f  f e t a l  a s p h y x i a  (24 5 )  
i s  i d e a l  f o r  t h r o m b o s i s  i n  t h e  v u l n e r a b l e  m i c r o c i r c u l a t i o n  o f  
t h e  p e r i v e n t r i c u l a r  r e g i o n .  C a p i l l a r y  t h r o m b o s i s  may r a p i d l y  
l e a d  t o  haemor rhage  i n  a s i t u a t i o n  now c o m p l i c a t e d  by s e c o n d a ry  
c o a g u l a t i o n  f a i l u r e  ( 2 4 2 , 2 4 3 ) .
T h i s  v i c i o u s  c i r c l e  o f  h y p o x i a  and h y p e r v i s c o s i t y  may o p e r a t e  
d u r i n g  a n t e n a t a l  de v e lo p m e n t  as a c h r o n i c  s i t u a t i o n ,  d u r i n g  
l a b o u r  i n  a more a c u t e  way and a l s o  i n  t h e  n e o n a t a l  p e r i o d .  
H yp ox ia  f rom w h a te v e r  cause  i s  a s s o c i a t e d ,  i n  t h e  n e o n a t e ,  w i t h  
h y p e r b i l i r u b i n a e m i a  ( 2 4 8 ) ,  i m p a i r e d  p e r i p h e r a l  c i r c u l a t i o n  ( 2 4 9 ) ,  
o l i g u r i a  ( 2 5 0 )  and ,  i f  s e v e re  enough,  w i t h  d i s s e m i n a t e d  i n t r a ­
v a s c u l a r  c o a g u l a t i o n  ( 2 5 1 ) .
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CHAPTER 10
THE PATHOGENESIS OF NEONATAL HYPERBILIRUBINAEMIA 
FOLLOWING INDUCTION OF LABOUR
S e c t i o n s
i )  INTRODUCTION
i i )  HAEMORHEOLOGICAL HAEMATOLOGICAL AND BIOCHEMICAL 
MEASUREMENTS IN CORD BLOOD FOLLOWING ELECTIVE 
CAESARIAN SECTION, SPONTANEOUS AND OXYTOCIN 
INDUCED LABOUR
i i i )  THE EFFECT OF OXYTOCIN, BUPÎVICAINE AND PROSTAGLANDIN 
E2 ON FETAL ERYTHROCYTE DEFORMABILITY IN VITRO
i v )  DISCUSSION
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THE PATHOGENESIS OF NEONATAL HYPERBILIRUBINAEMIA 
FOLLOWING INDUCTION OF LABOUR
i )  INTRODUCTION
S e v e r a l  i a t r o g e n i c  f a c t o r s  have been i m p l i c a t e d  i n  t h e  a e t i o l o g y  
o f  n e o n a t a l  h y p e r b i l i r u b i n a e m i a .
The a s s o c i a t i o n  between o x y t o c i n - i n d u c e d  l a b o u r  and n e o n a t a l  
h y p e r b i l i r u b i n a e m i a  i s  w e l l  documented ( 2 5 2 - 2 5 9 ) .  S e v e r a l  
r e p o r t s  ( 2 5 4 - 2 5 6 )  have shown t h a t  th e  degree  o f  h y p e r b i l i r u b i n a e m i a  
i s  r e l a t e d  t o  th e  t o t a l  dose o f  o x y t o c i n  g i v e n  t o  t h e  m o th e r  d u r i n g  
l a b o u r ,  . The a c t u a l  mechanism whereby o x y t o c i n  caused h y p e r b i l i r u b i n ­
aemia has been a m a t t e r  o f  c o n s i d e r a b l e  d e b a t e .  Ghosh and Hudson 
(1 972 )  ( 2 5 7 )  s u g g e s te d  t h a t  i n d u c e d  l a b o u r  was a s s o c i a t e d  w i t h  a n o x i c  
damage t o  t h e  f e t a l  h e p a t i c  g l u c u r o n y l  t r a n s f e r a s e  enzyme system 
wh ich  i s  n e c e s s a r y  f o r  b i l i r u b i n  e x c r e t i o n .  D a v ie s  e t  a l  (1973)
(2 5 6 )  p ro pose d  t h a t  t h e  ho rm ona l  f a c t o r s  w h ich  i n i t i a t e  spon taneous  
l a b o u r  a re  n e c e s s a r y  f o r  t h e  i n d u c t i o n  o f  f e t a l  h e p a t i c  enzymes 
w h ich  rem a in  i n a c t i v a t e d  f o l l o w i n g  i n d u c e d  l a b o u r ,  O s k i  (19 75 )
(258 )  p u t  f o r w a r d  t h e  t h e o r y  t h a t  t h e  s t r o n g  u t e r i n e  c o n t r a c t i o n s  
i n d u c e d  by o x y t o c i n  caused an i n c r e a s e d  p l a c e n t o - f e t a l  t r a n s f u s i o n  
w i t h  a r e s u l t a n t  p o l y c y t h a e m i a  i n  t h e  n e o n a t e ,  S i n g h i  and Singh 
(1 977 )  (25 9 )  r e p o r t e d  t h a t  f e t a l  e r y t h r o c y t e s  were more o s m o t i c a l l y  
f r a g i l e  f o l l o w i n g  o x y t o c i n - i n d u c t i o n  and D*Souza e t  a l  (19 7 9 )  (255 )  
fo u nd  e v id e n c e  o f  a c t i v e  h a e m o l y s i s  i n  c o r d  b lo o d  and su g g e s te d  t h a t  
th e  u t e r i n e  c o n t r a c t i o n s  were i n  some way damaging t h e  e r y t h r o c y t e s  
and so a c c e l e r a t i n g  t h e i r  d e s t r u c t i o n .
P r o s t a g l a n d i n  E2 g i v e n  i n t r a v e n o u s l y  f o r  t h e  i n d u c t i o n  o f  l a b o u r  was 
shown i n  a s t u d y  by G a id a r  e t  a l  (1974 )  ( 2 6 0 )  t o  be a s s o c i a t e d  w i t h  
n e o n a t a l  h y p e r b i l i r u b i n a e m i a ,  b u t  t h i s  was n o t  c o n f i r m e d  by Beaz ley  
and Weeks (1 976 )  ( 2 6 1 ) .
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E p i d u r a l  a n a l g e s i a  w i t h  b u p i u i c a i n e  was i m p l i c a t e d  as a cause o f  
n e o n a t a l  h y p e r b i l i r u b i n a e m i a  by Fr iedman e t  a l  ( 1 978 )  (252 )  b u t  
C a ld e r  e t  a l  ( 1 9 7 4 )  (260 )  had found  no such a s s o c i a t i o n .
I n s t r u m e n t a l  and b r e e c h  d e l i v e r y  a re  w e l l  known causes  o f  n e o n a t a l  
h y p e r b i l i r u b i n a e m i a  ( 2 6 2 , 2 6 3 )  because o f  t h e  t i s s u e  b r u i s i n g  caused 
by f o r c e f u l  h a n d l i n g .
T h i s  s t u d y  was s t i m u l a t e d  by t h e  o b s e r v a t i o n  t h a t  f e t a l  e r y t h r o ­
c y t e s  were l e s s  d e fo r m a b l e  f o l l o w i n g  o x y t o c i n - i n d u c e d  l a b o u r  th a n  
a f t e r  s p on tan e ous  l a b o u r .  E r y t h r o c y t e  d e f o r m a b i l i t y  i s  an i m p o r t a n t  
d e t e r m i n a n t  o f  e r y t h r o c y t e  l i f e s p a n  i n  v i v o  ( 6 5 - 6 7 )  and dec reased  
e r y t h r o c y t e  d e f o r m a b i l i t y  has been shown t o  be t h e  p r e c u r s o r  o f  
h a e m o l y t i c  anaemia i n  a c u t e  c o ppe r  i n t o x i c a t i o n  ( 2 5 4 ) ,  c y a n a te  
p o i s o n i n g  ( 2 6 5 )  and u rae m ia  ( 2 6 6 ) .
i i ) HAEMORHEOLOGICAL, HAEnATDLOGICAL AND BIOCHEMICAL MEASUREMENTS
IN CORD BLOOD FOLLOWING ELECTIVE CAESARIAN SECTION. SPONTANEOUS 
AND OXYTOCIN-INDUCED LABOUR
P a t i e n t s  and Methods
N i n e t y - f i v e  h e a l t h y  newborn i n f a n t s ,  who weighed  more t h a n  3 Kg 
a t  b i r t h  and who had an apgar  s c o r e  o f  g r e a t e r  th a n  seven a t  one 
m i n u t e ,  had 2 0  ml  o f  b l o o d  c o l l e c t e d  f rom t h e  u m b i l i c a l  c o r d  v e i n  
as soon as t h e  c o r d  had been c lamped and b e f o r e  t h e  p l a c e n t a  had 
s e p a r a t e d ,  u s i n g  a w ide  bo re  n e e d le  and g e n t l e  s u c t i o n  t o  a v o i d  
h a e m o l y s i s  d u r i n g  s a m p l i n g .  The b lo o d  was a n t i c o a g u l a t e d  w i t h  
l i t h i u m  h e p a r i n .
F o r t y  o f  t h e s e  i n f a n t s  had been d e l i v e r e d  f o l l o w i n g  spon tan eo us  
l a b o u r  and 40 f o l l o w i n g  i n d u c t i o n  o f  l a b o u r  by amniotomy and 
i n t r a v e n o u s  o x y t o c i n  ( S y n t o c i n o n )  a d m i n i s t e r e d  by C a r d i f f  i n f u s i o n  
pump. The a v e rag e  dose o f  o x y t o c i n  g i v e n  was 4 ,5 0 0  mU ( r a n g e  3 ,000  
t o  7 ,0 0 0  mU), In  t h e  cases s e l e c t e d  f o r  t h i s  s t u d y  t h e  d u r a t i o n  o f
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l a b o u r  was between s i x  and 14 h o u r s  and a n a l g e s i a  was a c h ie v e d  
u s i n g  i n t r a m u s c u l a r  p e t h i d i n e ,  no p a t i e n t  had e p i d u r a l  a n a l g e s i a .
I n  none o f  t h e  cases  was t h e r e  c l i n i c a l  o r  c a r d i o t o c o g r a p h i c  
e v id e n c e  o f  f e t a l  d i s t r e s s  and a l l  had spon tan eou s  v e r t e x  
d e l i v e r i e s .  The r e m a i n i n g  f i f t e e n  i n f a n t s  were d e l i v e r e d  by 
e l e c t i v e  c a e s a r i a n  s e c t i o n ,  W i t h i n  two h o u rs  o f  d e l i v e r y  
h a e m a t o c r i t ,  p lasma o s m o l a l i t y .  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x ,  
p lasma b i l i r u b i n ,  p lasma h a p t o g l o b i n  and p lasma  l a c t a t e  d e hy d ro ­
genase were measured on a l l  samples by t h e  methods d e s c r i b e d  i n  
C hap te r  2 ,
R e s u l t s
The 95 i n f a n t s ,  44 male and 51 f e m a l e ,  had a mean b i r t h  w e i g h t  
o f  3 ,4 20  g ( r a n g e  3 ,0 0 5  t o  4 ,1 0 8  g ) ,  H a e m a t o l o g i c a l ,  h a e m o r h e o l o g i c a l  
and b i o c h e m i c a l  v a l u e s  i n  c o r d  b lo o d  f rom th e s e  i n f a n t s  a r e  shown 
i n  T a b le  23 ,
There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  any o f  t h e  measured p a r a ­
m e te r s  between t h e  e l e c t i v e  c a e s a r i a n  s e c t i o n  and spon tan eou s  
l a b o u r  g r o u p s .  The o x y t o c i n - i n d u c e d  g r o u p ,  h ow ever ,  showed s t a t ­
i s t i c a l l y  s i g n i f i c a n t  e v id e n c e  o f  a c t i v e  h a e m o l y s i s  d u r i n g  l a b o u r  
w i t h  a d e c re a s e d  h a e m a t o c r i t  (p  <^0 , 0 0 1 ) ,  i n c r e a s e d  p lasm a b i l i r u b i n  
c o n c e n t r a t i o n  ( p < \ 0 , 0 0 l ) ,  de c re a s e d  p lasma h a p t o g l o b i n  c o n c e n t r a t i o n  
(p<C0 , 0 l ) ,  and i n c r e a s e d  p lasm a l a c t a t e  deh yd rogenase  a c t i v i t y  
(p's 0 , 0 0 1 ) ,  These i n f a n t s  a l s o  showed a s i g n i f i c a n t  r e d u c t i o n  i n  
mean E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  ( p < T 0 , 0 0 l )  and p lasma 
o s m o l a l i t y  (p <^0 , 0 0 1  ) ,
i i i )  THE EFFECT OF OXYTOCIN, BUPIUICAINE AND PROSTAGLANDIN E2 
ON ERYTHROCYTE DEFORMABILITY IN VITRO
M a t e r i a l s  and Methods
I n  v i t r o  s t u d i e s  were made on f e t a l  b l o o d  o b t a i n e d  a t  b i r t h  f rom
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t h e  u m b i l i c a l  v e i n  o f  a number  o f  n o rm a l  i n f a n t s *
F i r s t l y ,  3 ,00 0  y l i  o f  o x y t o c i n  ( S y n t o c i n o n )  were added to  20 te n  ml 
a l i q u o t s  o f  e r y t h r o c y t e  s u s p e n s io n  and 500 j j l  o f  n o rm a l  s a l i n e  
were added t o  a d u p l i c a t e  2 0  t e n  ml a l i q u o t s  p r e p a r e d  f rom th e  
same c o r d  b l o o d s .  The samples were i n c u b a t e d  a t  37^0  and t h e  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  measured a t  i n t e r v a l s  on b o th  s e t s  
o f  s a m p le s .
S e c o n d l y ,  50 f i v e  ml a l i q u o t s  o f  e r y t h r o c y t e  s u s p e n s io n  were 
p r e p a r e d  and 500 j j l  o f  no rm a l  s a l i n e ,  500 j j U ,  1 ,500  ) j U ,  2 ,5 0 0  j j U 
o r  4 ,0 0 0  o f  o x y t o c i n  were added t o  g roup s  o f  t e n  a l i q u o t s  w h ic h  
were th e n  i n c u b a t e d  f o r  f o u r  h o u r s  and t h e  E r y t h r o c y t e  D e f o r m a b i l i t y  
I n d e x  o f  each sample measured i n  d u p l i c a t e .
T h i r d l y ,  2 ,0 0 0  ng o f  b u p i v i c a i n e  were added t o  10 t e n  ml  a l i q u o t s  
o f  e r y t h r o c y t e  s u s p e n s io n  and 500 ^1  o f  no rm a l  s a l i n e  t o  a d u p l i c a t e  
s e t  o f  a l i q u o t s .  The samples  were i n c u b a t e d  a t  37°C and th e  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  measured a t  i n t e r v a l s  on b o t h  
s e t s  o f  sa m p les .
F o u r t h l y ,  25 f i v e  ml  a l i q u o t s  o f  e r y t h r o c y t e  s u s p e n s io n  were p r e p a r e d  
and 250 jjI  o f  n o rm a l  s a l i n e ,  250 ng ,  500 ng,  750 ng o r  1 ,0 0 0  ng o f  
b u p i v i c a i n e  were added to  g r o u p s  o f  f i v e  a l i q u o t s  w h ic h  were th e n  
i n c u b a t e d  f o r  f o u r  h o u r s  and t h e  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  o f  
each sample  measured i n  d u p l i c a t e .
F i f t h l y ,  3 ,0 0 0  ng o f  p r o s t a g l a n d i n  E2 were added t o  10 t e n  ml a l i q u o t s  
o f  e r y t h r o c y t e  s u s p e n s io n  and 500 j j l  o f  n o rm a l  s a l i n e  were added t o  a 
d u p l i c a t e  s e t  o f  s a m p le s .  The samples were i n c u b a t e d  a t  37°C and th e  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  measured a t  i n t e r v a l s  on b o t h  s e t s  o f  
s a m p le s ,
S i x t h l y ,  25 f i v e  ml  a l i q u o t s  o f  e r y t h r o c y t e  s u s p e n s io n  were p r e p a r e d
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f rom th e  same c o r d  b lo o d s  and 500 y l  o f  n o rm a l  s a l i n e ,  500 ng,
1 ,500  n g ,  2 ,5 0 0  ng o r  4 ,0 0 0  ng o f  p o s t a g l a n d i n  C2 were added to  
g roups  o f  f i v e  a l i q u o t s  w h ic h  were then  i n c u b a t e d  f o r  f o u r  hou rs  
and t h e  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  o f  each sample measured 
i n  d u p l i c a t e *
R e s u l t s
I n c u b a t i o n  o f  e r y t h r o c y t e s  w i t h  o x y t o c i n  showed b o t h  a t i m e  
r e l a t e d  ( F i g u r e  30) and a dose r e l a t e d  ( F i g u r e  31) r e d u c t i o n  i n  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x .  The i n c u b a t i o n  d u r a t i o n  a f f e c t e d  
t h e  degree  o f  d e f o r m a b i l i t y  r e d u c t i o n .  There  was no d i f f e r e n c e  
between t h e  o x y t o c i n  and c o n t r o l  samples a t  one and two h o u r s ,  b u t  
t h e r e  was a s i g n i f i c a n t l y  g r e a t e r  r e d u c t i o n  i n  d e f o r m a b i l i t y  i n  t h e  
o x y t o c i n  t r e a t e d  samples a t  f o u r  ho u rs  ( p < 0 . 0 5 )  and a t  s i x  and 
e i g h t  h o u rs  ( p C f O . O O l ) ,  V a r y i n g  th e  dose o f  o x y t o c i n  i n  t h e  
e r y t h r o c y t e  s u s p e n s io n s  showed t h a t  a dose o f  100 j j U / m l  caused 
no s i g n i f i c a n t  r e d u c t i o n  i n  d e f o r m a b i l i t y ,  b u t  300 y U / m l  caused 
a s i g n i f i c a n t  f a l l  i n  d e f o r m a b i l i t y  ( p C O . O O l )  and a f u r t h e r  
d ec rea se  a t  doses o f  500 and 800 j jU /m l  (p <^0,001 ) ,
I n c u b a t i o n  o f  e r y t h r o c y t e s  w i t h  b u p i v i c a i n e  showed b o t h  a t im e  
r e l a t e d  ( F i g u r e  32)  and dose r e l a t e d  ( F i g u r e  33)  r e d u c t i o n  i n  
E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x ,  The i n c u b a t i o n  d u r a t i o n  a f f e c t e d  
t h e  degree  o f  d e f o r m a b i l i t y  r e d u c t i o n .  There  was no d i f f e r e n c e  
between t h e  b u p i v i c a i n e  t r e a t e d  and c o n t r o l  samples  a t  one ,  two 
and f o u r  h o u r s ,  b u t  a t  s i x  h o u rs  th e  b u p i v i c a i n e  t r e a t e d  samples 
showed a s i g n i f i c a n t l y  g r e a t e r  r e d u c t i o n  i n  d e f o r m a b i l i t y  (pC O .O O )  
and a t  e i g h t  h o u r s  t h e  d i f f e r e n c e  was even g r e a t e r  ( p < ( 0 . 0 0 1 ) ,  
V a r y i n g  t h e  dose o f  b u p i v i c a i n e  showed t h a t  i t  was o n l y  a t  t h e  
maximum dose t e s t e d ,  200 n g / m l ,  t h a t  t h e  E r y t h r o c y t e  D e f o r m a b i l i t y  
I n d e x  was j u s t  s i g n i f i c a n t l y  re d u c e d  ( p < C 0 , 0 5 ) ,
I n c u b a t i o n  o f  e r y t h r o c y t e s  w i t h  p r o s t a g l a n d i n  E2 showed an i n i t i a l
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r e d u c t i o n  i n  E r y t h r o c y t e  D e f o r m a b i l i t y  I n d e x  ( p " \ 0 , D D l )  a f t e r  30 
m in u t e s  ( F i g u r e  3 4 ) ,  a f t e r  one h o u r  t h e  d e f o r m a b i l i t y  i n  p r o s t a ­
g l a n d i n  E2 t r e a t e d  samp les was s t i l l  s l i g h t l y  l e s s  th a n  i n  th e  
c o n t r o l s  (p<C0.Q5)  b u t  a t  two and t h r e e  ho u rs  t h e r e  was no 
d i f f e r e n c e s  between t r e a t e d  samples and c o n t r o l s .  V a r i a t i o n  o f  
t h e  dose o f  p r o s t a g l a n d i n  E2 gave a b i p h a s i c  r e sp ons e  ( F i g u r e  35) 
w i t h  no e f f e c t  o f  1 0 0  n g / m l ,  a s i g n i f i c a n t  d e p r e s s i o n  o f  de fo rm ­
a b i l i t y  a t  300 n g / m l  (p<(  0 , 0 0 1 )  an i n c r e a s e  f rom t h a t  l e v e l  back 
t o  t h e  c o n t r o l  l e v e l  a t  500 n g / m l  and an e l e v a t i o n  i n  d e f o r m a b i l i t y  
above t h e  c o n t r o l  l e v e l  a t  a dose o f  BOO n g / m l  o f  p r o s t a g l a n d i n  E2 
( p <  0 , 0 5 ) ,
i v )  DISCUSSION
The c l i n i c a l  s e c t i o n  o f  t h i s  s t u d y  g i v e s  c l e a r  e v i d e n c e  o f  
a c t i v e  h a e m o l y s i s  d u r i n g  o x y t o c i n - i n d u c e d  l a b o u r .  The reduced  
h a e m a t o c r i t  and e l e v a t e d  p lasma b i l i r u b i n  c o n c e n t r a t i o n  a f t e r  
o x y t o c i n - i n d u c e d  l a b o u r  c o n f i r m  t h e  f i n d i n g s  o f  D’ Souza e t  a l  
(1 979 )  ( 2 5 5 ) ,  and t h e  lo w  p lasma h a p t o g l o b i n  c o n c e n t r a t i o n  and 
i n c r e a s e d  p lasma l a c t a t e  dehyd rog en ase  a c t i v i t y  c o n f i r m  t h a t  
a c c e l e r a t e d  e r y t h r o c y t e  d e s t r u c t i o n  was t a k i n g  p l a c e  d u r i n g  
in d u c e d  l a b o u r .  The p lasma h a p t o g l o b i n  l e v e l  i n  n e o n a te s  i s  
n o r m a l l y  l o w  ( 2 6 7 ) ,  b u t  t h e  v e r y  l ow  v a l u e s  o b s e r v e d  i n  t h e  
i n f a n t s  a f t e r  i n d u c t i o n  s u g g e s t s  an a c t i v e  p r o c e s s  o f  h a e m o ly s i s  
w i t h  r e l e a s e  o f  h a e m o g lo b in  i n t o  t h e  c i r c u l a t i o n .  The f i n d i n g  
t h a t  f e t a l  e r y t h r o c y t e  d e f o r m a b i l i t y  was re duce d  a f t e r  o x y t o c i n -  
i n d u c t i o n  and t h e  k now ledg e  t h a t  dec reased  d e f o r m a b i l i t y  l e a d s  
t o  a c c e l e r a t e d  h a e m o l y s i s  i n d i c a t e  t h e  pa thway o f  h a e m o l y s i s  i n  
t he  i n d u c e d  g r o u p ,  and o n l y  t h e  cause  o f  t h e  re d u ce d  d e f o r m a b i l i t y  
rem a ined  to  be p r o v e d .
The l e v e l s  o f  o x y t o c i n  found  i n  m a t e r n a l  b l o o d  d u r i n g  o x y t o c i n -  
i n d u c e d  l a b o u r  a re  between 300 and 800 y U /m l  ( 2 6 8 )  and a l t h o u g h
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a b s o l u t e  e v id e n c e  o f  m a t e r n o - f e t a l  t r a n s f e r  o f  o x y t o c i n  i s  l a c k i n g  
i n  t h e  human, i n  t h e  sheep ( 2 5 9 )  and g u in e a  p i g  (2 7 0 )  t h e r e  i s  
c l e a r  e v id e n c e  o f  p l a c e n t a l  t r a n s f e r  o f  o x y t o c i n  f r om  m o th e r  to  
f e t u s .  The i n  v i t r o  e x p e r i m e n t s  d e m o n s t r a t e  b o t h  a t i m e  and dose 
r e l a t e d  e f f e c t  o f  o x y t o c i n  i n  a dosage range  o f  300 t o  800 j j U / m l  
on f e t a l  e r y t h r o c y t e s .  The mechanism whereby o x y t o c i n  re d u c e s  
e r y t h r o c y t e  d e f o r m a b i l i t y  c a n n o t  be a b s o l u t e l y  d e f i n e d ,  b u t  the  
f i n d i n g  o f  a l o w e r e d  p lasma o s m o l a l i t y  i n  c o r d  b l o o d  f o l l o w i n g  
o x y t o c i n - i n d u c e d  l a b o u r  c o n f i r m s  t h e  o b s e r v a t i o n s  o f  S i n g h i a n d  
Singh  ( 1 9 7 7 )  (25 9 )  and s u g g e s t s  t h a t  t h e  v a s o p r e s s i n - l i k e  a c t i o n  
o f  o x y t o c i n  ( 2 7 1 )  causes  a c t i v a t i o n  o f  e l e c t r o l y t e  and w a t e r  
t r a n s p o r t  a c r o s s  t h e  r e n a l  t u b u l e s  b u t  a l s o  a c r o s s  t h e  e r y t h r o ­
c y t e  membrane w i t h  c o n s e q u e n t  o s m o t i c  s w e l l i n g .  O s m o t i c  s w e l l i n g  
i s  a w e l l  r e c o g n i s e d  cause  o f  de c re as ed  e r y t h r o c y t e  d e f o r m a b i l i t y  
and l e a d s  t o  a c c e l e r a t e d  e r y t h r o c y t e  d e s t r u c t i o n  ( 2 7 2 , 2 7 3 ) ,  I n  
t h e  n e o n a te  whose h e p a t i c  enzymes a r e  n o t  a b l e  t o  cope w i t h  t h e  
i n c r e a s e d  b i l i r u b i n  p r o d u c t i o n ,  c l i n i c a l  h y p e r b i l i r u b i n a e m i a  
e n s u e s .
P l a c e n t a l  t r a n s f e r  o f  b u p i v i c a i n e  f rom  m o the r  t o  f e t u s  i s  w e l l  
documented ( 2 7 3 - 2 7 5 )  w i t h  f e t a l  l e v e l s  f o l l o w i n g  c a e s a r i a n  
s e c t i o n  u n d e r  e p i d u r a l  a n a e s t h e s i a  w i t h  b u p i v i c a i n e  o f  up t o  
210 n g / m l  ( 2 7 4 ) .  F o l l o w i n g  e p i d u r a l  a n a l g e s i a  i n  l a b o u r ,  t h e  
b u p i v i c a i n e  c o n c e n t r a t i o n  i n  f e t a l  b l o o d  was up to  1 1 0  n g /m l
(2 7 5 )  and s i m i l a r  l e v e l s  have been d e t e c t e d  f o l l o w i n g  p a r a -
c e r v i c a l  b l o c k  w i t h  b u p i v i c a i n e  ( 2 7 6 ) ,  The h a l f  l i f e  o f  b u p i v i ­
c a i n e  i n  t h e  n e o n a te  i s  i n  t h e  o r d e r  o f  two h o u r s  ( 2 7 4 ) ,  so a f t e r  
f o u r  h o u r s  a f t e r  c a e s a r i a n  s e c t i o n ,  un d e r  b u p i v i c a i n e  e p i d u r a l  
a n a e s t h e s i a ,  t h e  f e t a l  b l o o d  l e v e l  w i l l  be a round  50 n g / m l .  I n
th e  i n  v i t r o  s t u d i e s ,  i t  was shown t h a t  b u p i v i c a i n e  i n  a dose o f
2 0 0  n g /m l  i n c u b a t e d  w i t h  f e t a l  e r y t h r o c y t e s  f o r  f o u r  h o u r s  caused
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o n l y  a s m a l l  r e d u c t i o n  i n  d e f o r m a b i l i t y  w h ic h  j u s t  re a c h e d  
s t a t i s t i c a l  s i g n i f i c a n c e .  I t  i s  q u e s t i o n a b l e  w h e th e r  such s m a l l  
changes i n  d e f o r m a b i l i t y  w o u ld  have a s i g n i f i c a n t  e f f e c t  on 
h a e m o l y s i s  i n  v i v o ,  b u t  as e p i d u r a l  a n a l g e s i a  i s  commonly used 
d u r i n g  i n d u c e d  l a b o u r ,  so t h e  e f f e c t s  o f  o x y t o c i n  and b u p i v i c a i n e  
may c om b ine .
P l a c e n t a l  t r a n s f e r  o f  p r o s t a g l a n d i n  E2 f rom m o th e r  t o  f e t u s  has 
been d e m o n s t r a te d  ( 2 7 7 )  w i t h  w i d e l y  v a r y i n g  l e v e l s  o f  p r o s t a g l a n d i n  
E2 i n  c o r d  b l o o d  b e i n g  r e p o r t e d ,  S e i g l e r  a t  a l  ( 197 7 )  ( 2 7 8 )  
r e p o r t e d  l e v e l s  up to  1 ,480  p g / m l ,  and P o k o l y  and J o rd a n  (197 5 )
(2 79 )  fo u n d  l e v e l s  be tween 400 and 1 ,0 00  p g / m l .  U s in g  t h e s e  l e v e l s  
i n  p r e l i m i n a r y  i n  v i t r o  e x p e r i m e n t s  gave a b s o l u t e l y  no e f f e c t  on 
e r y t h r o c y t e  d e f o r m a b i l i t y  and i t  was a t  l e v e l s  o v e r  2 0 0  n g / m l  
t h a t  t h e  f i r s t  a l t e r a t i o n s  i n  e r y t h r o c y t e  d e f o r m a b i l i t y  were seen ,  
A l l e n  and Rasmussen ( 1 9 7 1 )  ( 2 8 0 )  and G rube r  and G i l b e r t s o n  ( 197 8 )  
(2 81 )  used s i m i l a r  ng l e v e l s  i n  t h e i r  e x p e r i m e n t s  on t h e  i n f l u e n c e  
o f  p r o s t a g l a n d i n  E2 on d e f o r m a b i l i t y  and s i c k l i n g  o f  e r y t h r o c y t e s .  
The e f f e c t  o f  p r o s t a g l a n d i n  E2 i n  r e d u c i n g  d e f o r m a b i l i t y  i s  s h o r t  
l i v e d ,  b e in g  maxima l  a t  30 m i n u t e s  and a b s e n t  a f t e r  two h o u r s .  T h i s  
ag rees  w i t h  e a r l i e r  work ( 2 8 1 )  as does the  f i n d i n g  o f  a b i p h a s i c  
dosage re s p o n s e  ( 2 8 0 ) ,  I t  seems h i g h l y  u n l i k e l y  t h a t  p r o s t a g l a n d i n  
E2 s i g n i f i c a n t l y  e f f e c t s  e r y t h r o c y t e  d e f o r m a b i l i t y  i n  i n d u c e d  l a b o u r  
and i f  i t  i s  r e s p o n s i b l e  f o r  n e o n a t a l  h y p e r b i l i r u b i n a e m i a  ( 2 6 0 ) ,  then  
some o t h e r  mechanism o f  a c t i o n  must  be s o u g h t .
I n  c o n c l u s i o n ,  o x y t o c i n  i s  an i m p o r t a n t  t h e r a p e u t i c  a g e n t  i n  
o b s t e t r i c s  and p r o b a b l y  i t s  e f f e c t  on e r y t h r o c y t e s  c a n n o t  be 
p r e v e n t e d  o t h e r  th a n  by k e e p i n g  t h e  t o t a l  dose used t o  a minimum.
The use o f  p r e n a t a l  d rug  t r e a t m e n t  w i t h  e i t h e r  p h e n o b a r b i t o n e  (282 )  
o r  a n t i p y r e n e  (283 )  t o  a c t i v a t e  f e t a l  h e p a t i c  g l u c u r o n y l  t r a n s f e r a s e  
and so i n c r e a s e  t h e  n e o n a t e ' s  a b i l i t y  to  e l i m i n a t e  b i l i r u b i n  has
1 55
been s u g g e s te d ,  b u t  i t  would be more l o g i c a l  t o  p r e v e n t  t h e  
h y p e r b i l i r u b i n a e m i a  by r e d u c i n g  t h e  dose o f  o x y t o c i n  r a t h e r  than  
t r e a t  i t  w i t h  p o t e n t i a l l y  t o x i c  d r u g s .  T h i s  may be s a f e l y  done 
w i t h  no added r i s k  o f  h y p e r b i l i r u b i n a e m i a  by t h e  p r e - i n d u c t i o n  
use o f  p r o s t a g l a n d i n  E2 g i v e n  v a g i n a l l y  ( 2 8 4 ) ,  o r  by t h e  combined 
use o f  p r o s t a g l a n d i n  and o x y t o c i n  i n  t h e  i n d u c t i o n  o f  l a b o u r  (2 85 )  
The combined use o f  e p i d u r a l  a n a l g e s i a  and o x y t o c i n - i n d u c t i o n  o f  
l a b o u r  w i l l  c o n t i n u e  t o  p r e s e n t  a h i g h e r  r i s k  o f  n e o n a t a l  h y p e r -  
b i l i r u b i n a e m i a  b u t  awareness o f  t h e  p ro b le m  s h o u l d  e n a b le  t h e  
c l i n i c i a n  t o  m i n i m i s e  t h e  r i s k s .
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